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ABSTRACT
An Analysis of the Funding of Public School Transportation in New Mexico
by
Joseph Roger Pribyl
Dr. Teresa S. Jordan, Examination Committee Chair 
Associate Dean of the College of Education 
Uni versity of Nevada, Las Vegas
The purpose of this study was to determine the major factors that currently influence 
school transportation costs in the 89 school districts in New Mexico. The study also 
compared a linear regression methodology with an alternative neural network 
methodology to identify the most robust predictive model for updating the current 
transportation funding model for New Mexico Public Schools. Finally, the study looked 
at the redistributive effect under the two alternatives.
The research design was implemented in three phases. In Phase One, literature was 
reviewed to determine factors that contribute to the cost of pupil transportation, to 
recognize fiscal models used in funding pupil transportation, and to identify requirements 
forjudging pupil transportation programs. During Phase Two, detailed pupil 
transportation data were collected from all 89 school districts in New Mexico and 
analyzed. A statistical analysis consisting of simple and multiple regressions was 
conducted to determine which factors contribute significantly to pupil transportation costs 
in New Mexico. Additionally, a neural network was used to determine contributing
iii
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factors and compared with the linear methodology. The two methods were analyzed and 
critiqued for robusmess. In Phase Three, simulations were used to determine the 
redistributive effects of the two alternatives as compared to actual transportation 
allocations.
Based on the results of this stutfy the following conclusions were drawn. First, the 
factors that had the greatest effect on pupil transportation costs in New Mexico were:
1. linear density,
2. area density,
3. daily one-way paved miles per student, and
4. daily one-way unpaved miles per student
Linear density and daily one-way paved miles had the greatest effect on costs as 
predicted in the literature.
Second, the alternative formulae developed in this study were both highly predictive 
of the daily one-way cost per pupil as indicated by their respective R squared factors.
The regression formula was only able to incorporate three of the four independent 
variables, because of limitations in the statistical computer program. SPSS (SPSS Inc., 
1999) automatically removed variables that had no significant change in the R squared 
value of the regression equation. The neural network formula was able to use all four 
independent variables identified in this study because of its tolerance of multicollinearity. 
One of the advantages of neural networks their ability to deal with ambiguous and 
overlapping data.
Finally, the neural network’s redistributive effect was less extreme in terms of 
winners and losers as compared to multiple regression.
iv
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CHAPTER ONE 
Overview 
Introduction
Featherston and Culp (1965) contended that public funding of education is 
principally a twentieth century development. The notion that society was required to 
provide an education did not exist during the colonial days. In fact, they suggested that 
the idea to provide a taxpayer subsidized education evolved from the opinion of a few in 
colonial times to the system prevalent today (p. 1). The initial educational focus was to 
provide fluids that built small educational facilities as close to every child as possible. 
However, in sparsely populated areas, it was not always possible to place a school within 
walking distance. With the advent of secondary schools, the issue became even more 
difficult (p. 2). Some form of transportation to and from school had to be provided.
When the people of the various states first started providing education for their youth it 
was the responsibility of the parents to decide if  the children should go to school and how 
they should get there (Featherston & Culp, 1965). Whitehurst (1993) indicated that the 
earliest record of pupil transportation, usually at private expense was in 1840 (p. 1 ). 
Featherston & Culp (1965) suggested most school transportation service began because 
of the resourcefulness and initiative of local superintendents. Since there were no 
standards, systems varied considerably, and were influenced by local custom or 
circumstance (p.5). As superintendents observed the practices in other districts, they
1
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improved their systems and the practices and procedures became uniform (Featherston &  
Culp, 1965). Public financing of pupil transportation in the United States began in 
Massachusetts in 1896 (Featherston and Culp, 1965). School funds paid for children to 
be brought to school in horse drawn carriages and carts (Whitehurst, 1993, p. 1). Johns 
( 1928) said of the 1896 Massachusetts law that for the first time public school 
transportation became “a legitimate part of the community’s tax program” (p. 2). He 
quoted the Massachusetts law as:
Any town in the commonwealth may raise by taxation or otherwise appropriate 
money to be expended by the school committee in their discretion, in providing for 
the conveyance of pupils to and from public schools (p. 2).
By 1900 18 states had followed Massachusetts’ lead and the rest of the states enacted 
transportation laws by 1919 (Abel, 1923, p. 22).
Transportation Funding Models 
Melcher (1981) reported that pupil transportation research indicates a “wide variety 
of pupil transportation finance methods have been developed during the past half- 
century” (p. 224). These methods have been classified into major categories or funding 
models.
In his work titled State Support for Public Education Mort (1933) identified five 
funding models. His five models are defined as: (a) fimding based on a measure of 
transportation need, such as a density approach, (b) funding based on transportation 
workload, such as pupil miles, (c) state authorities evaluation of transportation budgets to 
determine state recognized costs, (d) funding based upon actual school district costs, and 
(e) flat grants supplied for transportatiorL
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Chase and Moiphet (1949) categorized transportation finance methods based on 
stipulations for equalizing fiscal abilify and methods used to determine transportation 
need. Their classification recognized that where transportation aid is included in the 
basic state support program, variations in local fiscal ability are recognized in allocating 
state aid. However, special purpose grants do not adjust for local fiscal capacity (pp.
103 - 104). They also identified four methods to determine transportation need, these are:
(a) density formulas, (b) percentage reimbursement formulas, (c) approved budgets, and 
(d) allowable cost reimbursements based on standard unit costs (pp. 103 - 104).
In Pupil Transportation. Featherston and Culp (1965) organized state transportation 
funding formulas into four categories. The first category included those states that 
provided a flat grant per pupil transported. The second group consisted o f states that 
reimbursed districts for some or all of the cost of transportation, usually with certain 
limitations. The third division was made up of states that provided transportation funding 
to districts in units based on certain shared characteristics with other similar districts.
The fourth category included states that used a funding formula that took a variety of 
transportation factors into account (p. 63-64).
Stollar (1971 ) organized methods for financing transportation into six categories: (1 ) 
no state aid; (2) flat grant; (3) transportation factors beyond district control; (4) state 
ownership of transportation; (5) state payment of approved cost; and (6) state payment of 
fixed percentage. In contrast to Stollar, Skloot (1978) simplified the methods of 
classifying funding models. He recommended that state transportation formulas be 
divided into two groups. The first group used formulas that were based on district
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experience. The second group’s formulas were based on fixed cost units or average cost
units.
Anthony and Inman (1986) recognized four major state pupil transportation funding 
strategies. These strategies were actual or approved expenditures, budget models, fixed 
unit cost formulas, and density formulas. Zeitlin (1990) identified three distinct 
transportation funding categories, these are: actual costs incurred; a fiat rate per unit (e.g., 
per pupil, per mile operated); and a multivariate calculation, based on several factors such 
as density, miles operated, vehicle capacity, and number of pupils (p. 22).
Transportation Funding in New Mexico 
According to Gold, Smith, and Lawton (1995) transportation funding in New 
Mexico for the 1993-94 school year totaled $71.2 million. This represented 6.2% of total 
state school aid. The New Mexico model is based on a combination of the fiscal models 
of an equalization concept formula and a flat grant New Mexico determines the local 
entitlement by considering the factors of road conditions, bus replacement cost bus 
depreciation, number of buses, size of buses, bus mileage, driver’s salaries, expenditures, 
and administrative costs. Pupil transportation is provided for grades K — 6 over one mile 
from home, grades 7-9 over one and one-half miles from home, and grades 10-12 over 2 
miles from home. (p. 443). The funding model stated:
A transportation distribution is allocated to each school district according to a 
formula developed by the State Transportation Director and the State Superintendent 
for the to-and-from school transportation costs of students in grades K-12 attending 
public school within the district of residence and for 3- and 4 year-old 
developmentally delayed children who attend public schools. Vocational
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transportation distributions are used for the transportation of students from regular 
attendance centers to vocational programs.
Transportation appropriations are based on the following factors: (I) 
depreciation allowance; (2) continued use allowance; (3) school-owned bus 
replacements; (4) operation and maintenance and fuel allowance; (5) fuel allowance;
(6) drivers’ salaries; (7) training; (8) employee benefits; (9) special education 
assistants; (10) fleet insurance; (11) safety service programs; (12) per-capita feeder 
reimbursements; (13) district administration; (14) gross receipts taxes; and (15) 
profit factors.
The 1990 Legislature added special provisions and funding for the 
reimbursement of transportation costs to parents or guardians, with family incomes 
at or below the federal poverty level for attendance outside a child’s attendance zone 
(pp. 443-444).
Additionally, the formula was reviewed periodically to refine the predictive variables.
The current formula has been in place since 1995. According to K. F. Jordan 
(personal communication, October 16, 1999) the current plan is much simpler than the 
one it replaced, however it is perceived to be too simple by some school district leaders 
and may have a disproportional effect on smaller school districts. According to the New 
Mexico State Department of Education the current funding allocation formula, requires 
that the 89 school districts be grouped according to the average square miles per pupil 
transported. The districts are grouped for comparison purposes only. The allocation is 
calculated by using the previous year’s transportation distribution and dividing that by the 
number of students transported on the fortieth day of the previous year. This amount is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
then multiplied by the projected number of students to be transported during the current 
year, which results in the current per pupil allocation. The allocation is supplemented by 
funds for unpaved and unimproved roads
Statement of the Problem 
The allocation of state funds for pupil transportation in New Mexico was perceived 
to be inequitable by the various school districts and the current allocation formula does 
not appear to be based on the differing needs of each district
Purpose of the Studv 
This study was designed to determine the major factors that currently influence 
school transportation costs in the 89 school districts in New Mexico The study also 
compared a linear regression methodology with an alternative neural network 
methodology to identify the most robust predictive model for updating the current 
transportation funding model for New Mexico Public Schools. Finally, the study looked 
at the redistributive effect under the two alternatives.
Research Questions 
This study examined pupil transportation in New Mexico. The following five 
questions were answered:
1. What are the major contributing factors to the state allocation of dollars for pupil 
transportation in New Mexico?
2. Is it possible to develop a cost-effective alternative transportation funding 
formula using neural network methodology?
3. How does the neural network methodology compare with a linear methodology?
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4. How do the methods of neural network and linear regression compare to actual 
allocations?
5. What is the redistributive effect of each of the two alternative methodologies?
Population
The subjects in this study were the 89 school districts in the State of New Mexico. 
The data for this study was readily available from the New Mexico State Department of 
Education.
Research Design and Methodoloev 
The research design was implemented in three phases. In Phase One, literature was 
reviewed to determine factors that contribute to the cost of pupil transportation, to 
recognize fiscal models used in funding pupil transportation, and to identify requirements 
forjudging pupil transportation programs. During Phase Two, detailed pupil 
transportation data were collected from all 89 school districts in New Mexico and 
analyzed. A statistical analysis consisting of simple and multiple regressions was 
conducted to determine which factors contribute significantly to pupil transportation costs 
in New Mexico. Additionally, a neural network was used to determine contributing 
factors and compared with the linear methodology. The two methods were analyzed and 
critiqued for robusmess. In Phase Three, simulations were used to determine the 
redistributive effects of the two alternatives as compared to actual transportation 
allocations.
Significance of the Studv 
Whitehurst ( 1993) stated that “getting a child to and from school was originally a 
family responsibility, but the pattern by which formal education grew made public
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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support for pupil transportation necessary” (p. 5). Featherston and Culp (1965) cited 
three factors as primarily responsible for school transportation growth: (1) the passage of 
compulsory attendance laws, (2) the consolidation of rural attendance centers, and (3) the 
increased holding power of secondary schools (pp. 2-3).
Alspaugh (1996) contended that “pupil transportation services are essential to 
meeting the goals of public education” (p. 180). Whitehurst (1993) implied “pupil 
transportation is a necessary element in the education of rural children if some degree of 
equalization of educational opportunity is to be realized” (p. 6). Featherston and Culp 
(1965) stated “it is not at all uncommon to find rural schools in which more than 95 
percent of all pupils enrolled come to school in a bus” (p. 5). Whitehurst (1993) 
indicated that transportation funding programs “should be examined in detail in order to 
establish guidelines for efficient and economic operations” (p. 6). Such examinations are 
necessary because these programs affect so many children and require a sizable portion 
of the school budget. In fact, according to Zeitlin (as cited in Alspaugh, 1996) the cost of 
providing pupil transportation usually represents between 5 and 10 percent of a school 
district’s budget (p. 180).
Featherston and Culp (1965) found that in most states there was dissatisfaction with 
current pupil transportation funding formulas. Even in states where the formulas are 
working to the satisfaction of most school administrators, the administrators desired to 
check the formulas periodically to see if improvements could be made (p. 68).
Jordan (1997) reported that the current New Mexico public school transportation 
formula was recently enacted. Almost immediately the formula was found to be 
unsatisfactory because of the perceived inequitable distribution of funds (p. 2).
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According to K. F. Jordan (personal communication, October 16,1999) the current 
funding methodology replaced a previous one that was found to be too complicated. The 
previous methodology required too many calculations and violated the principle of 
simplicity as defined by the literature regarding transportation funding. Unfortunately, 
the current method for calculating the state transportation allocation was found to be too 
simple and did not include some very influential factors in the funding mechanism. The 
shift to the current formula disproportionately effected small school districts. This study 
examined the operation of the current formula and determined there are changes that 
could be recommended to improve the current formula. Thus, this study has the potential 
of influencing future policy decisions regarding transportation in New Mexico. It also 
contributed to validating the feasibilify of using a neural network as a viable and robust 
predictive model in state level funding formulas.
Limitations of the Studv 
The scope of this study is not a complete and inclusive look at all the financial 
implications of pupil transportation in the United States. Murray (1965) determined, in a 
nation wide study of pupil transportation that each state had a unique problem with 
respect to the development of its transportation funding plan. He concluded that it was 
questionable whether any one plan or formula could meet the needs of each of the 50 
states. This study dealt primarily with the distribution of regular transportation funds in 
the State of New Mexico based on data provided by the New Mexico Department of 
Education.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
Definition of Terms
Average Daily Attendance f ADAl
ADA means average daily attendance and refers to the aggregate days attendance of 
a given school during a reporting period divided by the number of days school is in 
session during this period (Whitehurst, 1993, p. 10).
Average Dailv Membership (ADMl
Average daily membership is the a^eg ate  membership of a school during a 
reporting period divided by the number of days school is in session during a particular 
period (Swanson & King, 1997, p. 227).
Average Dailv Transported f  ADTl
The average number of pupils qualified for transportation on any day of the reporting 
period (Whitehurst, 1993, p. 11).
Area Density
The number of transported pupils per square mile is area density. It is computed by 
dividing the ADA of transported pupils by the number of square miles of the area served 
(Bemd, 1975, p. 8).
Artificial Neural Systems (ANSI or Neural Networks
Artificial Neural Systems are the result of efforts to create computers that are 
intelligent and can think like human beings. Neural networks are computer programs that 
learn through experience and trial and error (Malhotra, Malhotra, & McLeod, 1994 p.
41 ). According to Lisboa (1992) a neural network is “a network of interacting simple 
units together with a rule to adjust the strength of connections between these units in 
response to externally supplied data" (p. 7).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Assessed Valuation
The value of the property contained within the school district area as determined by 
the county assessor (Whitehurst, 1993, p. 11 ).
Average Dailv Mileage
The average daily mileage is computed for each bus from the point where the first 
pupil is picked up in the morning to the point where the last pupil is discharged in the 
afternoon. This included regularly scheduled trips between schools, but excludes all 
special trips (Whitehurst, 1993, p. 11).
Capital Outlav
An expenditure that results in the acquisition of fixed assets, or additions to fixed 
assets, which are presumed to have benefits for more than one year (Swanson & King, 
1997, p. 167).
Cost Per Mile
Cost per mile is the total transportation expenditure divided by the total number of 
miles transported (Whitehurst, 1993, p. 12).
Cost Per Pupil
Cost per pupil is the total transportation expenditure divided by the average daily 
membership (Garrison, 1995, p. 12).
Cost of Replacement
Replacement costs are those expenditures for the purchase of school buses, which do 
not increase the total number of buses in the fleet (Whitehurst, 1993, p. 12).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Dailv Route Mileage
Daily route mileage is the total miles driven by the combined buses of the school 
district for each day school was in session (Whitehurst, 1993, p. 12).
Linear Densitv
Linear density is the number of transported pupils per mile of bus route. It is 
calculated by dividing the total average daily attendance of transported pupils by the total 
number of one-way miles pupils were transported on regular transportation routes 
(Garrison, 1995, p. 13).
State Transportation Aid
State transportation aid is the financial aid granted by a state to a school districts for 
the purpose of transporting students to and firom school (Featherston & Culp, 1965, p.
57).
Summary
This chapter began with a brief discourse of the history of pupil transportation 
funding. It continued with a discussion of transportation funding models. This 
discussion segued into a description of the funding model currently in use in New 
Mexico. Then the statement of the problem, purpose of the study, research questions and 
population were identified. Next, the research design and methodology, significance of 
the study, and limitations of the study were described. Finally, some of the terms used in 
the study were defined.
This study was designed to collect and analyze pupil transportation data from the 89 
school districts in the state of New Mexico. When the data were collected and organized 
they were analyzed using two different methodologies to discover the factors that have
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the greatest impact of pupil transportation funding. Once the most influential factors 
were discovered, models of transportation funding were developed. These models were 
then compared to identify which had the best predictive value.
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CHAPTER TWO 
Review of Related Literature
Growth and Development of Pupil Transiwrtation 
The Tenth Amendment of the United States Constitution provides, in part, that 
powers not delegated to the United States government are reserved to the respective state 
governments. Education is not directly mentioned in the United States Constitution, thus 
it is a state function (Alexander & Alexander, 1992). However, schools had their origin 
as a function of the church, and the shift from church to state control was a slow process. 
Our founding fathers conceived only of a system of elementary education. Soon, 
however, the citizenry demanded expanded programs and more services. Pupil 
transportation was unnecessary as long as the schools were within walking distance. 
Although most localities attempted to build small schools and locate them within walking 
distance of the pupils, some children in sparsely populated areas could not be served. 
Soon, many new services, including the transportation o f pupils were seen as a 
governmental responsibility. Once the states began to assume the responsibility for public 
education, pupil transportation became a concern for both the state and local school 
districts.
The parents were obligated to provide transportation during the early years of public
14
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education when attendance was voluntary. In fact, children whose homes were more than 
walking distance away Grom the school completed the journey by whatever means their 
families could provide. In some instances several families would group together to 
provide transportation for the neighboihood.
During the period of the Enlightenment, with its growing respect for science, 
humanitarianism, human reason, and republicanism, the states began to assume the 
position that the welfare of the state required that all children receive some educatioiL 
Thus compulsory school attendance laws were approved. States were then obligated to 
make school attendance possible by either locating a school within walking distance or 
providing transportation for the pupil.
Early education laws authorized the use of public funds for education; however, the 
use of the funds for pupil transportation was not strictly included. As the need for pupil 
transportation increased, new laws that specifically addressed the problems of pupil 
transportation were required. In the meantime, local school districts often provided pupil 
transportation services without the legal authority to do so. Initially, such practices 
resulted in court cases which tested the legality of providing pupil transportation services. 
In the first court cases, the decisions were mixed. Some jurisdictions found that school 
boards had the right to transport pupils under the general powers o f the school board to 
operate schools. Other jurisdictions found that school boards had no authority to 
transport without explicit legal permission (Punke, 1943).
There was community opposition to pupil transportation. Many o f the arguments are 
still heard today. Stollar (1971) identified some of these arguments, they are: (1) pupil 
transportation could be too expensive, (2) pupil transportation could be uncomfortable
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and unsafe, (3) pupil transportation would cause children to be away from home for too 
long, because they would have to leave too early and would arrive home too late, and (4) 
pupil transportation would expose children to bad influences that exist away from home.
Public school leaders were interested in the concept of pupil transportation at public 
expense as early as 1840. However, it was 1869 before the State of Massachusetts 
enacted legislation authorizing the spending o f public funds for pupil transportation. This 
act was important because it instituted pupil transportation as an official part of the tax 
program of a municipality. In brief the statue stated:
Any town in the Commonwealth may raise by taxation or otherwise an 
appropriate amount of money to be expended by the school committee at their 
discretion, in providing for the conveyance of pupils to and from the public schools 
(Commonwealth of Massachusetts, 1869).
By 1880, publicly funded school transportation had been approved in Vermont and 
Maine. Additionally, during the thirteen year period from 1881 to 1894, the states of 
New Hampshire, Connecticut, Ohio and Florida, ratified similar laws (Latta, 1967).
The change to pupil transportation at public expense slowly gathered momentum 
because educators began to endorse pupil transportation as an essential element of an 
educational program. By 1900, one -  third of the states had approved laws authorizing 
pupil transportation. During the next 19 years, the remaining states passed some sort of 
public supported pupil transportation. The laws of this era called for funding. However, 
many of the state laws permitted pupil transportation at public expense only as a result of 
school closings.
Many of the states justified the use of public funds for pupil transportation by pairing
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this use with the need to consolidate schools into larger attendance centers. These states 
could not provide adequate funding for the demanded educational services to rural areas.
Table 1
First Transportation Laws
State Year State Year
Massachusetts 1869 Maryland 1904
Vermont 1876 Oklahoma 1905
Maine 1880 Utah 1905
New Hampshire 1885 Missouri 1907
Florida 1889 West Virginia 1908
Connecticut 1893 Colorado 1909
Ohio 1894 Mississippi 1910
New Jersey 1895 Arkansas 1911
New York 1886 Georgia 1911
Iowa 1897 Illinois 1911
Nebraska 1897 North Carolina 1911
Pennsylvania 1897 Kentucky 1912
Wisconsin 1897 South Carolina 1912
Rhode Island 1898 Arizona 1912
Kansas 1899 Idaho 1913
North Dakota 1899 Tennessee 1913
South Dakota 1899 Nevada 1915
Indiana 1899 Alabama 1915
California 1901 Texas 1915
Mirmesota 1901 Louisiana 1916
Washington 1901 New Mexico 1917
Michigan 1901 Delaware 1919
Montana 1903 Wyoming 1919
Oregon 1903 Hawaii 1919
Virginia 1903 Alaska 1933
Sources; Able, J. F. (1923). Consolidation of schools and transportation of pupils. 
Bureau of Education Bulletin 41 (p. 22). Washington, D. C.: Government Printing
Office.
Laws of the Territory of Hawaii (1919). Act CXXVI.
Territory of Alaska, Session Laws, Resolutions and Memorials (1933). Chapter XLII, 
Sec. 7 (h).
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It is important to realize that the history of school transportation funding is interlaced 
with the move to consolidate small schools into larger units. Economies of scale 
indicated that, from the earliest times, small schools were closed and the students sent to 
neighboring schools. Noble (1940) found that the town of Quincy, Massachusetts, in 
1874, closed schools with less that a dozen students and transported them to other one- 
teacher schools as long as the consolidation did not create schools too large for one 
teacher. The communities that supported the previous one-teacher schools found that 
after paying for tuition and transportation of their students, their costs were considerably 
less. In 1875, the Montague Consolidated School, Massachusetts was founded to replace 
three schools. The school was centrally located in the communities it served. The 
purpose was to provide better educational opportunities. A second consolidated school 
was established in 1879 in Concord, Massachusetts. This school replaced a number of 
smaller schools and served an area of 25 square miles.
By 1913 all states had passed some sort of consolidation law. Most states 
acknowledged the responsibility to solve the problem created by the consolidation of 
small schools. That is, if small schools are closed and the pupils are required to attend 
another school, the state had a duty to assist in providing transportation for the pupils 
affected. Thus, by 1919 all states had adopted laws supporting public expense of pupil 
transportation (Whitehurst, 1993, p. 25). Featherston and Culp (1965) indicated that the 
laws governing consolidation and pupil transportation were important for two reasons.
“In the first place, they established a method of providing the opportunity for education 
that differed from the one of building many small schools; and in the second place, they 
recognized public responsibility for making education more widely available” (p. 2).
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School consolidation continued to grow through the 1940s and 1950s. Its growth 
has slowed somewhat from that time until the present (Whitehurst, 1993, p. 25). Pupil 
transportation has also continued to grow. School buses evolved from the adapted farm 
wagon, which was specially designed to transport children, to the motorized vehicles 
available today. As expected, the growth in public school transportation corresponds 
with the evolution of the motor vehicle and the improvements in the road systems 
(Burnett, 1981). In fact, by the end of the 1920s, the public had registered more than 17 
million private vehicles. More vehicles required more road improvements. Anthony and 
Inman (1986) referred to estimates provided by the United States Bureau of Public Roads 
when they stated:
Improved road conditions escalated the growth o f school transportation 
programs. In 1922, there existed 387,000 miles of all-weather surface rural roads. 
During that same year, school districts transported 594,000 students. By 1960, the 
miles of all-weather surface roads bad risen to 2,557,000 and the number of students 
provided transportation climbed to 12,700,989 (p. 416).
In 1920, only 356,000 pupils, or 1.7 percent of the total school emollment, were 
transported at public expense (Buehring, 1960). From 1920 to 1950 pupil transportation 
costs and the number of students transported increased. By 1950-51, seven million pupils 
were served at a cost of approximately 200 million dollars. From 1950 to 1957, the 
number of pupils transported increased to 11.3 million, or more than 32 percent of public 
school enrollments (Buehring, 1960). During the next ten years, 1967-68, pupil 
transportation costs had risen to 820 million dollars, which accounted for 3.2 percent of 
the total expense for education (Featherston, 1969). Dearman and Plisko (1979) found
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that by 1976, 55.1 percent of all school children or 22,757,3316 pupils were being 
transported at public expense. In 1977-78, national public school transportation costs 
totaled $2,731,041,000, which was 3.38 percent of the total investment for public 
education (Grant & Eiden,1980). During the 1978-79 school year, 22,882,191 students 
were transported at a cost of $3,341,035,199 (School Bus Fleet, 1981). Figures from 
1990 indicated that 22,473,662 children were transported to and from school at a cost of 
$7,604,001,899 during that year (School Bus Fleet, 1992).
School transportation has developed into one of the globe's biggest types of mass 
transportation. Additionally, modem school transportation is one of the United States’ 
safest kinds of transportation. Miller (1988) summarized the magnitude of modem 
public school transportation as follows:
Pupil transportation is one of the country’s greatest service industries and hardly 
anyone knows it. Each school day over 350,000 buses transport about 22,000,000 
boys and girls to school, and then turn around and take them home in the afternoon, a 
“window of opportunity” of four to five hours. The average citizen thinks about a 
major airline, which claims to transport 100,000 passengers each day -  in 24 hours! 
On a routine school day 350,000 bus drivers and aides work with children ages 3 to 
21, from wheelchair pupils to varsity football players and from weather conditions 
ranging from Fairbanks, Alaska, to Cave Creek Arizona. And the public pays little 
attention to them (p. v).
Fiscal Models Used in Funding Pupil Transportation 
Since the beginning of public funding for pupil transportation, the states have 
examined numerous models for distributing transportation funds. During the 1920s and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21
1930s, research was motivated by the creation of the state minimum foundation program 
(Wilkerson, 1981). Alterations in the models created from this research include the 
Morrison Theory of total state funding, the Strayer-Haig Theory of uniform local effort, 
and the Updegraff Theory of financial incentives for increasing local financial effort 
(Stollar & Tanner, 1978). Barr (1960) classified the first creators of pupil transportation 
formulas into two groups; those interested with measures of need and those interested 
with measures of fiscal ability (pp. 338-340).
Mort (1924) developed a model that predicted the educational needs of a school 
district as a justification for the equalization o f educational costs and the apportioning of 
state funds. In his landmark work. Measurement of Education Need, he identified a 
method for defining the state minimum foundation program. He classified the costs of 
the program into two categories. The first category contained the costs that are the same 
for all classrooms or teachers throughout the state. Category two consisted of the costs of 
special provisions, such as pupil transportation, which are not the same for all 
communities. Mort s 1924 research focused mainly on the appraisal of category one 
costs (p.60). Mort (1926), as cited by Wilkerson, argued for the development of an index 
of transportation costs that states could use in the minimum foundation program. He 
stated;
There is need for the development of an adequate index for measuring the cost 
of transportation of pupils. In some communities transportation is necessary in order 
that the state’s minimum program may be offered. The costs of such transportation 
are legitimate responsibilities of the state as a whole. ...Up to this time, however, no 
adequate index of transportation costs has been developed. States that are seriously
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attempting to assume the responsibili^ for a satisfactory minimum program are
handicapped for lack of such an index (p. 99).
Population density was used as an independent variable by Bums in his work that 
responded to the need specified by Mort. He developed an objective formula, which 
included the number of pupils transported, the average daily attendance, the district area, 
and the number of schools. Bums (1927, p. 19) concluded “the density of school 
population is a valid and reliable criterion by which the transportation need of a 
community may be predicted” He analyzed data from New Jersey counties and “found a 
curvilinear relationship between need per pupil and school population density, where 
density was defined as average daily attendance per square mile” (Wilkerson, 1981, p. 
217).
Johns (1928) examined the work of Bums. He also desired to create an assessment 
of transportation need based on average service level and cost in communities with 
similar conditions. However, he disagreed with use of area per school building as a 
weighting factor. Johns argued that the relationship between cost and area per school 
building had not been secured In his study, Johns analyzed data from five states. He 
concluded that population density was a valid, independent variable for the prediction of 
pupil transportation costs (p. 30).
The 1930s and 1940s saw continued attempts to develop alternative protocols for 
identifying the transportation costs to be recognized in the state minimum foundation 
program. Evans (1930) used cost per bus route, witich was based on daily route mileage 
and seating capacity. Lambert (1938) analyzed the work of Johns and found factors he 
thought were much more important than population densi^. He contended that the
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distribution of towns and populations, maximum walking distances, road conditions, bus 
speed, land-use pattern, and topographic peculiarities were better predictors of 
transportation costs. Hutchins and Holy (1948) used data from Ohio in 1938 to develop a 
list of 30 factors that affected the need for pupil transportation. They classified these 
factors into two groups: (1) those not under the control of local boards of education and 
(2) those which could be controlled by local boards and were in frict largely matters of 
policy. The uncontrollable factors were used to determine the proper cost of pupil 
transportation in a district The controllable factors were used to adjust the basic amounts 
as rewards or punishments for desirable or undesirable policies of management The 
controllable factors were also used as corrections for costs determined by districts as 
essential to established transportation programs. He determined that the number of pupils 
transported, population density, and road conditions were the best predictors of 
transportation costs.
William P. McClure (1952) developed a single measure (sparsity factor) based on 
the land area of a county and the average daily attendance of pupils. He found that per 
pupil transportation costs were higher in those districts with fewer students per square 
mile. He also studied road conditions, but 6iled to find an objective measure that could 
predict costs. His main emphasis was that during the development of a funding formula, 
the state consider those factors beyond local district control. Burnett (1981) cited the 
1949 study of Francis G. Cornell and others who used density of dwellings per square 
mile and concentration of population as a measurement of transportation need.
Barr (1960) cited Gerlich and Wells as advocates who used various measures of 
local taxpaying ability as a basis of equalizing pupil transportation support Gerlich and
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Wells conducted several Indiana studies, and were conducive in changing the Indiana 
transportation formula so that it included both a sparsity factor and a fiscal capacity 
factor. The state grant-in-aid varied directly with sparsity of pupils and inversely with 
the fiscal capacity of the school district In a later study conducted by Jordan and 
Alexander (1975) found that “sparsity, wealth, and costs are usually factors considered to 
be necessary in transportation formulas” (p. 123).
Featherston and Culp (1965) classified the several methods of determining the state’s 
share of transportation costs into four groups. The first method used by some states is to 
simply make an arbitrary decision that the state will pay the local district a fixed amount 
for each pupil transported. The second classification consists of a reimbursement for 
some or all of the costs of transportation usually with certain limitations. The third 
method, which is related to the second method, uses cost data fi’om local units collected 
over several years to establish the average cost which is then used as the basis for 
reimbursement. The fourth classification uses some formula composed of factors that 
have been found to have some bearing on the variations in the cost of pupil transportation 
as the basis for reimbursement (p. 63-64).
During the late 1970s, a number of state school finance studies funded under P.L. 
93-380, Section 842, included significant research concerning pupil transportation. At 
the same time a number of states also conducted funded research projects (Melcher,
1981). Stollar and Tanner (1978), in a study conducted for the state of Indiana, presented 
and critiqued six models for financing pupil transportation. The first model in w^ch no 
state aid is provided for pupil transportation was found to discriminate against school 
districts with scattered populations and high transportation costs. Additionally, they
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found that model one retards school consolidation and retards the equalization of 
educational opportunity.
Model two advocated a state flat grant per pupil transported without consideration of 
the various circumstances of the district This model could only be successful if the flat 
grant closely approximated the average transportation costs in the state. Moreover, 
because transportation costs can vary among districts within a state, the model 
discriminated against districts with high transportation costs and rewarded those with low 
costs. There are two variations of this model. In the first variation the state pays the 
entire flat grant The second variation calls for the state and local districts to share in 
providing the guaranteed flat amount The local share of the grant is proportional to the 
district’s financial ability, which tends to equalize the cost (Burnett 1981).
The third model was found to be an improvement over model two. This model 
required full recognition of the varying costs of transportation, such as density and wage 
levels, that were found to be beyond the control of the local board of education. 
Nonetheless, to be fully equitable, the state formula must provide the full necessary cost 
of pupil transportation as set by an equitable formula. This model eliminates the 
inequities among districts due to variations in the percentage of the students transported 
and the costs per students, but is still inequitable to the extent that it does not provide for 
the full cost. Model three encourages efficiency, because any transportation funds saved 
form the allocation can be used for other purposes. This model also has two variations: 
Transportation costs are included in the foundation program, which means that the costs 
are shared between the state and the local districts based on an equalization formula; or 
the state pays the entire cost of pupil transportation (Bumett, 1981).
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Model four provided for the equalization of transportation costs through state 
ownership of the transportation system. The advantage of this model was that it provided 
the same standard of service for all districts. Unfortunately, all decisions involving 
transportation are removed from the local level and placed at the state level (Bumett,
1981).
The fifth model required the state to pay the entire approved cost of transportatiotL 
As with models three and four, model five had the advantage of equalizing transportation 
costs. According to an equalization formula, which considers the taxpaying ability of the 
local school district, the state may pay the entire cost or share the cost with local districts. 
The disadvantages of this model was that transportation decisions were removed from the 
local level and that it creates a state transportation bureaucracy (Bumett, 1981).
Model six, which consisted of state payment of a fixed percentage of pupil 
transportation costs, placed transportation decision making at the local level.
Nonetheless, the percentage of transportation costs paid by a school district were not 
equalized under this model (Bumett, 1981).
Jordan and Hanes (1978) isolated factors used by states to compute the distribution 
of state pupil transportation funds. They found that the states used flat grant, transported 
pupils per square mile, transported pupils per bus route mile, assessed valuation, and per 
pupil expenditures. Additionally, they found that the most frequently used criterion for 
determining allocated funds was per pupil expenditure. Moreover, efficiency or the 
average cost factor appeared to be in effect in nineteen states.
According to Jordan and Hanes (1978) efficiency utilizes the density of pupils and 
the average expenditure per pupil for transportation in each school district as the basis for
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calculating the allocation (p. 135). In this framework, school districts with similar pupil 
densities would receive a proportion of their estimated cost If the school district actually 
spent less, then the remaining funds could be used for other purposes, thus rewarding the 
district for efficient management of its transportation program. On the other hand, if the 
actual costs exceeded the predicted costs, the district would be responsible to provide the 
difference.
Whitehurst (1993) found density appeared in the literature as the key predictor 
variable of pupil transportation cost since its introduction. As a variable, density is fairly 
easy to determine. Many have found density to have the highest correlation with cost per 
pupil expenditures.
In a West Virginia study, Alexander (1977) recommended a density / cost efficiency 
model. This model provided for equitable treatment of school districts with varying 
socioeconomic and geographic conditions. It did so by adjusting for the single most 
important non-manipulative factor (density) associated with variations in non-capital 
outlay cost per pupil among districts. Alexander continued by indicating that the best fit 
curve between cost and linear density should be calculated annually. Moreover, 
efficiency indices for all school districts should be computed by dividing estimated cost 
per transported pupil by actual cost (Alexander, 1977, p. 188).
The density/cost efficiency concept affords a direct monetary incentive in local 
transportation management. Because allocations are based on average costs adjusted for 
density, those districts that have expenses above the average level represented by the 
density/cost efficiency curve are reimbursed at a lower rate than those districts who have 
efficiencies that are above average. In addition, districts whose costs are at extremes in
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regard to predicted levels are identified. Those districts that are distinguished as having 
extremely high costs can be offered state assistance in identifying possible inefficient 
practices. Districts with costs much below average could be evaluated to make certain 
that service is adequate (Bumett, 1981).
Factors Afifecting Pupil Transportation Costs 
If a pupil transportation program is to be effective and economical, it must have 
adequate funding and responsible management Even as demand for school services of 
all types increases state legislatures continue to tighten school purse strings. Jones (1966) 
stated:
It is difficult to incorporate an amount in a foundation formula which takes care of 
variations between districts equitably. Transportation of pupils is a case in point.
The cost of transporting pupils may vary from no cost in an urban area to nearly a 
hundred dollars per pupil annually in a rural area (p. 42).
It is incumbent school administrators to employ effective managerial practices that 
reduce costs without sacrificing services. Farmer (1987) identified one of the objectives 
of pupil transportation as the need to operate the program as efficiently and economically 
as possible. Moreover, Farmer (1987) indicated that the economical operation of a 
transportation system has become much more difficult to achieve. These difficulties have 
arisen due to increased costs of gasoline, spare parts, driver’s salaries, buses, and 
insurance. ,
Johns and Alexander (1972) suggested that the costs o f  pupil transportation are 
largely dependent upon the procedures constituted by the state in regard to the services 
provided. Further, they explained that costs are based on the answers to the following
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questions:
1. Should transportation be furnished to pupils living more than one mile from 
school, one and one-half miles, or two miles?
2. Should differences in distances from school vary with age groups?
3. Should differences vary with respect to traffic hazards or to the physical 
condition of the children?
4. Will transportation of pupils be used to obtain a  racial balance in schools? (p.
30).
Differences exist in the amount spent for pupil transportation by each state. As 
expected, there is a high correlation between total expenses for pupil transportation and 
the number of pupils served. Johns and Alexander (1972) said that transportation 
expenses are affected by the density of pupils per route mile or per square mile of area 
served. Featherston and Culp (1965) found that some states transport more than 50 
percent of their students, while others transport less that twelve percent Additionally, the 
degree of urbanization and the size of administrative units and attendance areas impact 
the proportion of pupils transported. States with large urban centers were found to 
transport a smaller percent^e of their students as compared to states that are largely 
rural. Moreover, rural states with small administrative units and attendance areas tended 
to transport a smaller proportion of their students.
Featherston and Culp (1965) explained that local school boards can influence some 
of the factors that affect transportation costs, but have little control over others. Johns 
(1928) indicated some school districts must pay much more of the cost of pupil 
transportation than others. Most state formulas include the number of pupils transported.
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density of pupils transported, road conditions, the number of buses used, bus miles 
traveled, and capital depreciation as factors in determining costs.
According to Johns (1978) road conditions had some effect on transportation costs in 
years past, but currently this has ceased being a major factor beyond the control of local 
school boards. Most often the factor used to determine local transportation need is the 
density of pupils to be transported. It has been acknowledged that pupil transportation 
cost will vary between local school districts because of variations in the density of 
transported students (p. 8).
Some of the first research done in the field of pupil transportation was done by Mort 
in 1924 and was contained his plan for measuring educational need. He introduced the 
idea of pupil density into the determination of transportation need. Mort (1924) 
suggested that fiscal equalization formulas must take into account that local communities 
face unusual expenditures for meeting general requirements. He said that local 
communities often have little control over the factors that influence these general 
requirements. This notion required a consideration of transportation costs in sparsely 
populated communities. He contended that pupil density could be used to predict the 
need for pupil transportation.
Bums (1927) created an index for transportation needs, which he suggested, should 
be used to determine a state’s minimum transportation expenditures. He suggested that 
his index be the basis of a plan used for distribution of transportation aid. He assumed 
that densely populated communities transported pupils shorter distances on average that 
sparely inhabited communities. Because of this, the per pupil cost of transportation was 
higher in sparsely settled locations than in more densely settled cities and towns.
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As a result of Bums’ research, he was able to develop a mathematical formula that 
determined the transportation need in each county. He suggested that if a county was 
spending less than the minimum as determined by the formula, then the state should be 
responsible for the entire cost in that county. However, if a county was spending more 
than the amount determined by the formula, then the state should pay the minimum and 
the county be held responsible for the remainder. He determined that school population 
density was a legitimate measurement to be used for predicting per pupil transportation 
costs.
Johns (1928) criticized Bums’ method of identifying transportation needs as out of 
proportion to real cost variations independent of the control of the local community. He 
based this criticism on the Bums’ use of an undiscovered relationship between cost 
variations and area per school building as a weighting factor. In addition, Johns indicated 
that Bums’ plan would not allow the state to have sufficient authority over state 
transportation funds.
Johns (1928) indicated that it was necessary to include density of the school 
population as an independent variable to forecast cost and to make Bums’ formula 
workable. Johns tested his hypothesis that density could be used as an independent 
variable in a study of transportation funding in five states. He found that a county could 
have a relatively low population density, but have most of its population in a few centers. 
This would cause the transportation needs to be small when compared to agricultural 
counties that have similar densities but do not have population centers. In his study he 
found a high correlation between cost per pupil and average daily attendance per square 
mile.
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Studies to discover ways for states to pay for transportation and to examine cost 
factors involved were continued. Alexander (1977) studied pupil transportation in West 
Virginia. In that study he looked at the relationship between transportation costs and 
thirteen factors including density of transported pupils, road conditions, wage rates, 
dispersion of school buildings, and economies of scale. His goal was to determine which, 
if any, these factors resulted in variations between school districts in regard to costs per 
transported student His study identified linear density as the best predictor of cost In 
fact, linear density predicted 63 percent of the variance among school districts in cost per 
pupil transported. Adding road conditions into the mix increased the prediction to 66 
percent of the cost The full thirteen variable prediction equation accounted for almost 84 
percent of the variance between districts (pp. 177-192).
Gallay and Grady (1978) conducted a study of pupil transportation cost in Colorado. 
They used seventeen independent variables to predict cost per mile and cost per pupil 
transported. Their variables included area density, linear density, highway density, 
average teacher salary, income per pupil, number of pupils transported, total miles, 
number of conventional and small buses, and several geographic factors. Interestingly, 
the combination of linear density, highway density, and average teacher salary was found 
to account for 70 percent of the variation in cost per mile. Linear density accounted for 
84 percent of the variation in cost per pupil transported
McKeown ( 1978) described a formula to predict transportation efficiency for Illinois 
school districts, based on the work of Bums, Johns, and others. Her study examined the 
relationship between the number of students transported, total bus miles traveled, area of 
districts, and cost to transport eligible students. She used the variables of cost per eligible
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pupil, cost per bus route mile, area density, and linear density. She found that the most 
efficient school districts either used staggered school hours or multiple bus routes. 
Additionally, she found little relationship between any of the factors in her study and 
transportation cost except for the cost per bus route mile and linear density.
Johns studied pupil transportation in Tennessee in 1978 and in Florida in 1979. In 
both of these studies he suggested that the density of students is the only factor beyond 
the control of the local school boards Wtich has any significant effect on transportation 
costs (Johns, 1978, 1979).
Johns and Alexander (1971) point to the deficiency of development and funding of 
state finance formulas with correction factors for transportation initiating from sparsity of 
population. They suggest that there are a number of components of pupil transportation 
costs, which have been overlooked or treated insufficiently. They identify sparsity as a 
significant one of the components.
There are two methods of measuring density of transported students. It can be 
measured in terms of students per lineal mile of bus route or in terms of students per 
square mile. Featherston and Culp (1965) indicated that density expressed in terms of 
students per lineal mile of bus route is a better measure than students per square mile. 
Johns (1978) concurred, based on the findings of his Teimessee study.
According to Chambers (1978) transportation costs can be classified as endogenous 
or exogenous. Endogenous factors are those within the control of the local school boards, 
such as, number of pupils transported by private carriers and miles traveled per pupil 
transported. Exogenous factors then are those outside the control of the local school 
boards and include pupil density, road conditions, cost of living, and insurance.
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Chambers (1978) used his classification scheme in an attempt to develop an 
educational cost index. He based his index of transportation costs on differences in 
transportation expenditures between districts, which were caused by exogenous factors. 
Endogenous factors were held constant. He then selected the average cost of all the 
school districts in the sample. By comparing the cost differences between districts to the 
average cost, he was able to determine how much a school district was willing to spend 
on factors that were beyond their control.
Johns, Morphet, and Alexander (1983) determined that it was best to use a 
mathematical formula designed to identify an equitable allotted cost per pupil 
transported. They indicated that the mathematical formulas must accurately describe the 
relationship between cost per pupil transported and density. With regard to density, they 
indicated that density of transported pupils per one-way mile of bus route or density of 
transported pupils per square mile were both satisfactory measurements of this variable. 
Further, they stated that although some state formulas add other factors such as road 
conditions and topography, these additional factors had only a slight effect on costs.
Another factor that contributes to the cost of pupil transportation is the wage level of 
the local community. Only a small number of states take wage level into consideration 
when determining transportation costs. Johns (1978) identified driver salaries a factor 
within local school board control and thus not a variable that should be considered in 
state distribution formulas.
Johns (1979), in his Florida study, identified other factors that he considered 
controllable by local school boards. As with driver salaries, he contended that these other
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factors should not be considered in state formulas. His list of controllable factors that 
affect transportation costs are:
1. Efficiency of bus routing.
2. The number of non-handicapped pupils transported Wto live within two
miles from school.
3. The extent of the use of school buses for educational trips.
4. The extent of the use of school buses for extra-curricular activities.
5. The salaries paid to school bus drivers.
6. The efficiency of school bus maintenance.
7. Purchasing procedures.
8. The selection and training of school bus drivers.
According to Featherston and Culp (1965) there were two major fectors which 
affected the cost of pupil transportation and both were within control of the local school 
district: the quality of the service provided and the efficiency of the program (p. 59). 
Accordingly, school districts can decrease transportation costs by degrading the quality of 
the service provided.
Equalization of Transportation Costs
The movement toward the equalization of the cost of funding public education 
started near the turn of the century. Naturally, as pupil transportation service continued 
to grow it became subject to concerns regarding equalization. Currently equalization has 
become a measure of educational efficiency and effectiveness.
According to Johns and Morphet (1983), the works of Cubberly in 1905 and 
Updegraff in 1921 introduced the concepts of state school support. Cubberly said that it
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was the responsibility of the state to require that schools be established and through the 
apportionment of state funds provide all of the children of the state with the same 
advantages (Johns and Morphet, 1983, p. 205). Updegraff made some important 
additions to Cubberly’s work. He suggested that;
The purpose of state aid should be not only to protect the state from ignorance, to 
provide intelligent workers in every field of activity, and to educate leaders, but also 
to guarantee to each child, irrespective of where he happens to live, equal 
opportunity to that of any other child for the education which will best fit him for life 
(Johns, Morphet, and Alexander, 1983, p. 207).
Strayer and Haig, in their work. The Financing of Education in the State of New 
York developed the concept of “equalization of educational opportunity.” They stated 
that to bring about the principle of “equalization of school support” it would be necessary
1. to establish schools or make other arrangements sufficient to furnish the 
children in every locality within the state with equal educational 
opportunities up to some prescribed minimum;
2. to raise the funds necessary for this purpose by local or state taxation 
adjusted in such marmer as to bear upon the people in all localities at the 
same rate in relation to their tax-paying ability; and
3. to provide adequately either for the supervision and control o f all the schools, 
or for their direct administration by a state department of education (Johns, 
Morphet, and Alexander, 1983, p. 208-209).
Paul Mort was one of Strayer’s students. He built upon the work of Strayer
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and Haig and defined minimum standards to be used to evaluate school programs. Mort 
defined a satisfactory equalization program as follows:
A satisfactory equalization program would demand that each community have as 
many elementary and high school classroom or teaching units, or their equivalent, as 
is typical for communities having the same number of children to educate. It would 
demand that each of these classrooms meet certain requirements as to structure and 
physical environment. It would demand that each of these classrooms be provided 
with a teacher, course of study, equipment, supervision, and auxiliary activities 
meeting certain minimum requirements. It would demand that some communities 
furnish special facilities, such as transportation (Johns, Morphet, and Alexander, 
1983, p. 210).
Mort (1924) realized that there existed differences in the costs of transportation 
among districts. He advocated for the development of a method of funding that would 
equalize educational related to pupil transportation. In 1933 Mort wrote of pupil 
transportation and educational equality:
For many years political subdivisions have provided for the transportation of pupils 
to and from the public schools. The service has been paid for fi’om public funds and has 
been regarded generally as a part of the necessary cost of providing adequate educational 
facilities. With the demands for the equalization of educational opportunity, and 
increased state participation in the maintenance of a minimum public school program, the 
legal provisions relating to pupil transportation have increased correspondingly 
(Whitehurst, 1993, p. 55).
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The research that built upon Mort’s work was fundamentally aimed at defining the 
relationship between the costs and quality of transportation programs (Hanes, 1976).
Nash (1978) found that this research continually strengthened the assumption that a 
strong positive correlation between expenditures, quality, and equality of the educational 
opportunity provided. What began with Mort’s studies and continued through the 1930s 
and 1940s is considered by many to be the beginning of the school finance reform 
movement. The work exposed the chasm that existed between school districts in terms of 
opportunities and funding available for educational programs. Educators and legislators 
began to use phrases such as “equal educational opportunity” and “equalization.” Many 
positive changes in educational funding are based on the studies conducted by these 
research pioneers.
Criteria for Evaluating State Pupil Transportation Programs 
During the past few decades states have been testing a variety of methodologies for 
funding pupil transportation. Nevertheless, Serrano-type litigation and the exponential 
growth in transportation costs have caused states to reassess their transportation 
programs. The result of this mix has been the evolution of certain evaluation criteria 
(Bumett, 1981). Zeitlin (1990) encapsulated the issues involved in pupil transportation 
service, costs, and equity when she stated:
Pupil transportation has a long history of being used to equalize opportunities, and at 
times has existed solely for the purpose of affording all children access to a district’s 
schools. The minimum service standards set by the states equalize districts to the 
extent that all children in the state receive these services. Some states have also
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established measures o f district needs and costs, and use these to distribute state 
funds so as to best achieve equity and equalization between districts (p. 21-22). 
Featherston and Culp (1965) wrote at length about the criteria used for the evaluation 
of state transportation financing in their definitive work. Pupil Transportation. They 
isolated six criteria essential to the evaluation of state funding programs.
Their first criterion for the evaluation of state pupil transportation funding formulas 
looked to see if the plan addressed legitimate factors that affected cost. Inequalities 
based on the socioeconomic or geographic status of the school district had to be 
eliminated from the formula.
The second criterion addressed the simplicity and the accuracy of the state aid 
formula. Featherston and Culp (1965) felt the plan should be simple enough to provide 
an accurate projection of the local entitlement, as well as, eliminate the clerical duties at 
both the state and district levels. Nevertheless, they suggested that accuracy should not 
suffer because of simplicity.
Criterion three required that the formula not be subject to local manipulation. Local 
school districts must not have the ability to take advantage of the factors in the state plan. 
Featherston and Culp (1965) indicated that if local school districts could control funding 
factors that affect their entitlement, inefficiency could result
The fourth criterion required that some aspects of state pupil transportation funding 
plans be grounded on past experience. Featherston and Culp ( 1965) determined that plan 
efficiency would result if states used average costs for some aspects of transportation 
funding.
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Criterion five reflected the importance of state plans being objective in terms of local 
need. State guidelines and standards should be administered equally among the local 
school districts unless undue hardships arise. Featherston and Culp (1965) indicated that 
in some cases local district need may be so different from state requirements that 
subjective determinations may be needed to achieve equal treatment Further, they stated 
state plans should not be so rigid that protocols for dealing with extreme situations are 
excluded.
The last criterion identified by Featherston and Culp (1965) was that the state 
formula must promote efRciency at the local level. They found this criterion attractive in 
theory, but indicated that it was difGcult to apply. There were three methods that could 
be used to promote efficiency. These methods were: using a formula that bases payments 
on the average cost experienced by all local units grouped by certain cost factors; giving 
the state department of education authority to approve local programs; and monitoring of 
local programs at the state level.
Stollar (1971) identified criteria similar to Featherston and Culp. He said pupil 
transportation services should be evaluated based on five criteria. First, the plan should 
take into account Actors, which are correlated, to significant variations in legitimate 
costs. Second, the plan must be have simple calculations, thus reducing the need for 
complex record keeping and a large number of clerical personnel. Third, the plan must 
be free of the possibility that the factors in the formulas can be manipulated at the local 
level. Burnett (1981) indicated that if a plan includes such factors as the number of 
buses, the number of bus or pupil miles traveled, or number of pupils transported, the 
state must have adequate safeguards to prevent abuses. These safeguards include
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standards, supervision, and audits. Stollar’s fourth criterion pertained to those formulas 
that used computations of allotments based on past experience. If past experiences were 
based on inept administration, the resulting costs may be inappropriately inflated. On the 
other hand, if prevailing conditions were determined by averages, inefficient schools are 
penalized. This would invite those schools to aim for greater efficiency. His fifth 
criterion was the requirement that the state transportation formula be as objective as 
possible.
Johns (1977) suggested, in his Florida school transportation study, several features to 
be included in successful transportation formulas. First, the distribution of funds must be 
equitable so that all pupils who need transportation can obtain it  Second, funding should 
be satisActoiy enough to provide safe, efficient, adequate, and economical pupil 
transportation. Thirdly, the plan must be easily adjusted for inflation. Fourth, the plan 
should be simple, with limited steps for calculating funding by local districts. Fifth, 
defensible costs for pupil transportation must be fully funded. Johns (1978) reiterated his 
required features for state pupil transportation programs in his Tennessee study.
However, he changed the requirement that states fully fund defensible transportation 
costs. In its place, he suggested that provisions be included that take into account factors 
beyond the control of boards of education. State formulas should not include allowances 
for factors that are within the control o f the education boards.
Stollar (1971) presented a 1964 proposal prepared by the Staff of the Division of 
Transportation, Department of Education, State of New Mexico. The New Mexico 
proposal recommended that any state plan for financing pupil transportation should;
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1. Provide sufficient state funds to enable the local unit, with reasonable local 
effort, to operate a safe, economical, sound and practical system of 
transportation for all pupils who should be transported.
2. Tend to compensate for the additional burden that falls upon school districts 
which must provide pupil transportation (many school districts carmot assume 
additional costs from local sources).
3. Take into account provisions for capital outlay expenditures, such as purchase 
of school buses, school bus equipment, and safety equipment
4. Provide for the amortization of capital outlay expenditures for school buses and 
equipment that meet state specification, beyond the current year (preferably a 
four-year period).
5. Tend to stimulate the attainment of desirable standards for school bus 
equipment, maintenance and operation, and the employment of qualified 
persormel.
6. Permit at the local level, ready flexibility in making adjustments in the 
transportation program, such as in cases of emergency increases in number of 
pupils, reorganization, or consolidation of schools, which require in most 
instances additional transportation.
7. Require the local school districts or local administrative units to maintain 
adequate accounting records and reports.
8. Provide consideration of factors beyond the control of local units, such as 
population density, road conditions, and geographical barriers.
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9. Not tend to discourage desirable reorganization of local units and attendance 
areas.
10. Provide for distribution of all state monies for transportation on an objective 
formula:
Capital Outlay 
Maintenance and Operation 
Drivers’ Salaries
11. Encourage schools to broaden and extend the school program through the use 
of school buses, be they school-owned or contract buses.
12. Provide for subsistence for pupils in lieu of transportation, within reasonable 
limits (pp. 358-359).
Bemd (1975) recognized, in a study of state aided transportation programs in 
Colorado, four major criteria suitable for assessing state transportation programs. These 
were validity, reliability, objectivity, and efficiency (p. 63).
Farley and Alexander (1973) evaluated the Kentucky transportation program using 
the following criteria:
1. A state formula must take into account Actors which cause variations in 
determining and justifying the cost of transportation services. They 
considered the density of transportation population, road conditions, and 
wage level of the area as factors causing most variations.
2. The formula should be simple but take into account variations in cost 
between districts, providing such costs can be accurately determined.
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3. The factors use in determining transportation costs cannot be manipulated by 
local school personnel.
4. State transportation programs should be as objective as possible.
5. A state transportation formula should promote efficiency in the local pupil 
transportation program. State department persormel must monitor local 
programs to insure that safe, adequate service is not sacrificed for the sake of 
the economy.
Casey ( 1967) stressed the adequacy of state funding plans over the method of 
computation. He said transportation plans should consider criteria that emphasized 
safety, adequacy, economy, efficiency, and state laws and regulations. Specifically, he
said:
1. The first consideration o f pupil travel must be the safety of the pupils. This 
should not be compromised in the design or operation of transportation.
2. The level of service, the equipment, and staffing must be adequate to provide 
for the needs of the community and its youth.
3. Because the program is supported by public funds, expenditures for 
transportation must reflect careful consideration of economy.
4. Also tied to the economy is the requirement that service, personnel, and 
equipment be deployed in such a marmer as to achieve maximum 
performance.
5. Finally, local policy must support and implement the mandatory elements of 
state statutes and regulations (pp. 93-94).
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Jordan and Hanes (1978) found the following criteria to be important in the 
development of equitable state funding programs for pupil transportation:
1. Recognition of factors contributing to the variations in transportation 
expenditures among school districts: school programs, geographic variations, 
and pupil density differences.
2. Utilization o f actual expenditures data in the development of the support 
level and the allocation process.
3. Recognition o f the costs associated with transportation of different groups of 
pupils: regular, handicapped, and vocational.
4. Utilization of a rational calculation process that reflects simplicity, accuracy, 
and objectivity so that equality may be maintained among all school districts 
in a state.
5. Utilization of a process that precludes the possibility of data manipulation by 
school district personnel.
6. Promotion of efficiency in the operation of school district transportation 
programs (pp. 134-135).
Lastly, Alexander (1977) stated:
... generally recognized criteria for evaluating alternative methods of funding pupil 
transportation center around the critical concepts of adequacy of programs, 
efficiency in local transportation management, equity among districts with diverse 
socioeconomic and geographical conditions, and simplicity and objectivity in the 
administration of the funding mechanism (p. 190).
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The literature indicates that those who create pupil transportation programs be 
mindful to balance the weights given to each of the identified criteria. Zeitlin ( 1990) 
found that the success or failure of a specific funding program depended on how well 
suitable accounting, reporting, and auditing practices were maintained in regard to the 
funding plan.
A Survev of Current State Pupil Transportation Programs 
The number of methods of funding pupil transportation programs are as numerous as 
there are states in the union. Some states provide little or no funding while others fund 
nearly 100 percent of approved transportation costs. Information concerning state plans 
was obtained from Gold, Smith, and Lawton (1995) in their work Public school finance 
programs of the United States and Canada 1993-94. Additional information was gleaned 
from Bemd (1975), Burnett (1981) and Whitehurst (1993). Table 3 is based on a table 
originally developed by Cloyd McKinley Bemd in his dissertation, A Studv of State 
Aided Pupil Transportation Programs for Colorado. Bumett (1981) and Whitehurst 
(1993) later modified it for their respective dissertations. Updated information for this 
study was obtained from Gold, Smith, and Lawton (1995). Tables 2 and 3 summarize the 
key components of the state programs. In some cases the characteristics of each program 
were easily categorized, while in others the characteristics were unique to the state and 
could not be easily classified. Many of the state funding plans met the criteria for more 
than one fiscal model. The information in Table 3 concerns the transportation of regular 
education students. It does not include provisions for special education students, 
vocational students, or other non-regular elements of state funding programs.
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The headings used for Table 3 are self-explanatory; however; several o f the fiscal 
models used as the foundation for the distribution of state funds are defined to explain 
their use. The equalization concept formula acknowledged the discrepancies in 
transportation costs that result from conditions beyond the control of local school boards. 
The formula is used to equalize the dispersion of funds by considering one or more of the 
following factors: linear density, area density, road conditions, geographic regions, 
assumed valuation, and differences in wage levels.
The percentage grant model requires the state to pay a fixed percentage of a school 
district’s approved transportation costs. Nationally, the average state reimbursement is 
approximately 80 percent and is normally based on prior year’s disbursements.
The flat grant model mandates that states contribute a fixed monetary amount based 
one or more of the following factors: number of students transported, bus miles traveled, 
number of buses used, or size of bus used.
The approved cost model requires that the state pay the entire approved cost of a 
school district’s pupil transportation program. In this model state level requirements and 
regulations manage the approved transportation costs of a local school district.
In Table 3, the factors used to determine local entitlement need some clarification. 
Linear density is the number of transported pupils per mile of bus route. This was 
calculated by dividing the total number of eligible pupils transported by bus route 
mileage. The states vary in the methods for determining these two factors. For example, 
Florida calculates bus route mileage by adding one-half of the round trip bus mileage, 
one-half of the round trip mileage between centers for vocational and special needs 
pupils, and 50 percent of the miles traveled without students. By comparison, Indiana
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calculates bus route mileage by doubling the total miles traveled from the first pickup 
point to the last point at which an eligible pupil disembarks at school. In Utah, bus route 
mileage is the sum of total bus route miles with pupils and one-half the bus route miles 
without pupils.
Area density is the number of transported pupils per square mile and is calculated by 
dividing the number of eligible pupils transported by the number of square miles of the 
area served.
The costs incurred by local school districts in providing transportation services to its 
pupils are defined as transportation expenditures. In most states transportation 
expenditures are limited to current operations and maintenance costs. In a small number 
of states however, transportation expense include costs related to capital outlay, bus 
depreciation allowances, and insurance premiums. Table 3 identifies those states that 
include capital outlay and other costs in calculating their transportation expenditures.
State transportation funding plans were categorized into one or more models; 
equalization, percentage grant, flat grant, approved cost, and state-owned and operated. 
Few states are using the equalization factors identified in current research. Twenty-two 
states used one or more of the equalization factors, but only three used linear density as a 
factor in the distribution of transportation funds. In regard to the other equalization 
factors, three states used road conditions, two states used geographic regions, eight states 
used area density, eight states used assessed valuation, and no state used variation in 
wage levels as a factor in determining local entitlement
The states differ considerably in the amount of financial support provided for 
transportation of pupils. The extent of support ranges from no state aid in New
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Hampshire, to state-owned and operated programs in Hawaii and South Carolina, to 
seven states paying for all approved costs of transportation.
The percentage grant model is utilized in fifteen state programs; however, only nine 
of the fifteen used percentage grant as the exclusive method of distribution of funds. Of 
those ten, the percentage grant ranges from a high of 90 percent in Maine, New Jersey 
and Washington to a low of 70 percent in Oregon. The average grant for the nine states 
was 81.7%.
The flat grant model is employed in nineteen states. The number of students 
transported and bus mileage are the factors most often used in determining the amount of
the grant.
Table 2 identifies the funding factors used by the states in 1993-94 to distribute state 
transportation aid. It also indicates the frequency of use of each of the factors. 
Expenditures, number of pupils transported and bus mileage were the factors most often 
used of the fourteen listed. Size of bus and bus replacement were tied as the fourth most 
commonly used distribution factor. Table 3 identified eleven states that use distribution 
factors that are classified as other. Of those eleven, three were allowances for 
administration and supervision.
Pupil transportation funds are included in the basic support programs of nineteen 
states; however, in some cases the funds are not specifically classified. In most states, 
pupil transportation funds can be found in the pupil support services component of the 
state budget.
Most states had minimum travel distances from school as a prerequisite for state aid. 
Twenty-seven states maintained identical minimum travel distances for all students. The
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average minimum travel distance in those states was 1.6 miles. Ten states employed two 
or more minimum travel distances, based on grade level, to determine eligibility for 
transportation aid. The prerequisite distances ranged from one-half mile for grades K -  3 
in California and pre-kindergarten and kindergarten in Maryland to three miles in 
Montana and four miles in Nebraska. The average nationwide travel distance in 
elementary grades was 1.4 miles while the average nationwide travel distance in 
secondary grades was 1.7 miles. Many states did not enforce minimum travel distances 
on those students who were handicapped or were subjected to unsafe walking conditions.
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Table 2
Factors Used by States to Distribute State Aid for Pupil Transportation in 1993-94
Factors Frequency of Use
Expenditures 28
Number of Pupils Transported 26
Bus Mileage 19
Size of Bus 10
Bus Replacement 10
Number of Buses 9
Assessed Valuation 9
Area Density 8
Bus Depreciation 7
Driver Salary/Bus Hours 7
Bus Insurance 5
Road Conditions 3
Linear Density 3
Geographic Regions 2
Sources: Bemd, C. M. (1975). A study of state aided pupil transportation programs for
Colorado.
Burnett, C. H. (1981). A study of the funding of pupil transportation in Virginia.
Gold, S. D., Smith, D. M , & Lawton, S. B. (Eds.). (1995). Public school finance 
programs of the United States and Canada 1993-94 (Vols. 1-2). Whitehurst, G. W. (1993). 
An analysis of the funding of public school transportation in North Carolina
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Aid The reimbursement is based on a 
flat rate per pupil, and the amount 
varies with the grade level of the 
student transported
Eight) live percent of the historic 
experiditures for pupil transportation is 
provided by the state. Actual 
expenditures for the previous two-year 
period serve as the base.
While there is no stale aid for pupil 
transportation to and from school, the 
state does provide some funds for 
transportation of If*  and 12* grade 
students to regional vocational centers
Transportatkm costs vary by 
geographic area, density, arid district 
sue, each county was categori/ed as 
high cost" (exceeded the statewide 
average cost by more than I5t*h 
"very high cost" (exceeded the 
statewide average cost by more than 
85 5»), or "other," to account for cost 
differences.
lire state has a formula for privately 
owed school buses and a formula for 
school-owned buses. 
(alAdministratinn and supervision 
allowance.
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Funding Characteristics o f  State Pupil Transportation Programs Continued
State
New York
North Carolina
IV,
•>1
North Dakota
Fiscal Models (Basis for
AI ocation)
I
■8
Factors Used to 
Determine Local Entitlement
Distance
Eligibility
I
a
I '.1 I V .
Remarks
The state pay W »  of approved 
transportation costs. A school district 
may not receive more than 1071» of 
the tmnsportation paid in the previous 
year, however there are exceptions for 
excess transportation costs
(a) In eflect, pupil transportation funds 
are allocated according to the needs of 
the school district
Hie state pays a Hat rate per mile and 
per pupil per day Hie rate varies with 
the si/e of the bus.
Ohio Ixical entitlement is based on a flat 
rate per pupil or mile, which ever is 
greater Ihe state has the same rate for 
KhrmI board operated buses and 
contracted service.
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Funding Characteristics o f  State Pupil Transportation Programs Continued
State
Oklahoma
IV,
00
Oregon
Fiscal Models (Basis for
AI ocation)
I
Factors Used to
Determine Loca Entitlement
Distance
Eligibility
a
1%
I'l
Remarks
Tran^mnation SupplenwnI is equal to 
the average daily haul multiplied by 
the per capita alhmaiKC multiplied by 
the appropriate ttansportatum factor. 
The average daily haul is the number 
of children in a district who are legally 
transported and who live 1.5 miles or 
more away from their school site. The 
per capita allowance ranges from S.t.3 
to $167. The formula transportation 
factor has been 1.39 for several years.
Ihe slate paya 7 0 'i  of the total 
approved transpmtatkm cost, (a) Hus 
^ rec ia tin n  and insurance are 
included in the approved cost total
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Stale
Pennsylvania
VO
Rhode Island
South Carolina
South Dakota
Fiscal Models (Basis for
AI ocation)
Factors Used to 
Determine Local Entitlement
Distance
Eligi
I ■>
tility
I !>
Remarks
Itio state provides subsidies fur the 
transportation of publie and nonpuMic 
schtHd students. The subsidy is based 
on approved alhiwances for vehicle 
capacity, mileage tmvcled, utili/ed 
passenger capacity, excess driver 
hours in congested areas, and the type 
of service provided. An Approved 
Reimbursable Costs (ARC) is 
calculated by taking the sum of four 
components limes a cost index that is 
based on the consumer price index.
(a) The age of the bus and seating 
capKily is a factor in the contracted 
reimtnirseroenl formula
Transportation expenses are a factor in 
determining state share ratios fur 
calculating state aid annual 
entitlements and are included in total 
local expenditures for reimbursement
l ocal school districts are responsible 
for costs associated with daily 
operation of pupil transportation 
Slate responsibie k r  cost associated 
with overall superv ision of system 
including acquisilkm and maintenance 
of busses.
The district entitlement is 501» of its 
net transportatiim cost but no more 
than $.30 per mile.
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Funding Characteristics o f State Pupil Transportation Programs Continued
State
Tennessee
s
Texas
Ulali
Fiscal Models (Basis for
AI ocation)
Factors Used to 
Determine Local Entitlement
t
Distance
Eligibility
111
Remarks
6 0 ii  o f (he liHal sleie Irmspnittiinn 
■ppmpriMion is allncelcd iin a per 
sliakrri basts. 40 '»  is alliKatcil on Ihe 
basis o f a ratio o f the geographic area 
o f each county to the total geographic 
area o f the state as computed in (a) 
square miles.
Regular Irensporiation is calculated 
using a linear density formula that 
determines an allowance per mile 
Dasieally, this formula takes into 
consideration the miles traveled and 
the number of students transported 
each mile. The maximum rate per mile 
alkiwable shall he set by appropriation 
based on data gathered from the first 
year ofeach preceding biennium
The state uses a regression equation 
formula to compute local entitlement.
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State
Vcnnonl
Virginia
Wsatiinglon
Fiscal Models (Basis for 
AI ocation)
I'
Factors Used to 
Determine Local Entitlement
Distance
Eligibility
§
Q
H I
Remarks
Transporlaljnn Is suhsidi/ed in llio 
general slate aid fnrmiila with a 
categorical multi|ilier, which is based 
on population density. Except for this 
provisirm in the general state aid 
formula there are no direct subsidies 
for transportation. Ihirchase, 
operations and maintenance are lixwl 
matters
The slate transportation appropriation 
is distiibuted as follows: W h  of Ihe 
total on the basis of number of pupils 
transported, 401» of the total on the 
basis of miles tmvekd, and 2(11» of the 
total on the number of buses meeting 
state standards.
The reimbursement rate is calculated 
using statewide reimbursable costs and 
total state transportation funds 
available
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Funding Characteristics o f State Pupil Transportation Programs Continued
State
West Virginia
Wisconsin
Wyoming
TOTAI.S
Fiscal Models (Basis for 
AI ocation)
23 16 20
Factors Used to 
Determine Local Entitlement
10 26 10
I
i
19 28
•>
Distance
Eligibility
I
Q
Remarks
Trinipoftalion ilkmince is llie sum of 
Ike W low ing; 8014 of the 
IrmspotlilHm costs for nisintenanco, 
operation and related expenaex, 
exclusive of all salaries; lOOIanfthe 
insurance costs on buses, buildings 
and et)uipmenl used in transportation;
1014 of the current replacement value 
of each county board's bus fleet; 8014 
of the cost o f contracted and |xiUic 
transportation services; Aid paid to 
students in lieu of transportation based 
on the state average amount paid per
JÏÏBL
(a) The state pays a flat antount per 
transported pupil which varies 
according to the distance that each 
pupil is transported In school
The state share is determined by 
slamte For tbe operation and 
maintenance of transportation routes, 
the slate share is 75 percent, while the 
district pays the remaining 25 percent
Sources: Bemd, C M (1975) A study o f state aided pupil transportation programs for Colorado.
Bumett, C H (1981) A study o f the funding o f pupil transportation in Virginia.
Gold, S. D„ Smith, D. M„ & Lawton, S, B. (Eds). (1995), Public school finance programs o f  the United States and Canada 1991-94 (Vols 
1-2 ).
Whitehurst, G W (1993). An analysis o f  the funding o f  public school transportation in North Carolina.
(a)Refer to the remarks column for explanation (b)There was no reference to eligibility distance in the information available (c)Grades K-3 
(d)Grades 4-8 (c)Pre-kindergarten and kindergarten (f)Gradcs 1-6 (g)Grades K-6 (h)Grades 7-9 (i)Grades 10-12
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PuDil Transportation in New Mexico 
Gold, Smith, and Lawton (1995) collected information on public school funding in 
all fifty states and Canada. They indicated that the funding for pupil transportation in the 
state of New Mexico for the 1993-94 school year was $71.2 million. This figure 
represented 6.2 percent o f total state school aid. Transportation aid provided by the state 
was intended to cover the full cost of pupil transportation however; some districts 
subsidize some of the transportation costs and provide funds for costs not covered by the 
state plan. A transportation distribution was allocated to each school district according to 
formula developed by the State Transportation Director and the State Superintendent 
This aid was earmarked for the to-and-from school transportation costs of students in 
grades K-12 who attended a public school within the district of their residence. 
Additionally, aid was provided fbr three and four year-old developmentally delayed 
children who attend public schools. Some aid was also provided for the transportation of 
vocational students. Vocational transportation distributions were used for the 
transportation of students from regular attendance centers to vocational programs. All 
eighty-eight school districts in New Mexico participated in the funding plan (pp. 443-44).
According to Gold, Smith, and Lawton (1995) the transportation appropriations were 
based on fourteen factors. The factors that were used to determine the level of aid were; 
depreciation allowance; continued use allowance; school-owned bus replacements; 
operation and maintenance; fuel allowance; drivers’ salaries; training; employee benefits; 
special education assistants; fleet insurance; safety service programs; per-capita feeder 
reimbursements; district administration; gross receipts taxes; and profit factors (pp.443- 
44).
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Public school transportatioa law in New Mexico was changed by the 1990 
Legislature. Special provisions and funding were added for the reimbursement of 
transportation costs to parents or guardians, with family incomes at or below the federal 
poverty level for attendance outside a child’s attendance zone (pp.443-44).
According to the New Mexico State Department of Education the current funding 
allocation formula, requires that the 89 school districts are grouped according to the 
average square miles per pupil transported. The districts are grouped for comparison 
purposes. The allocation is calculated by using the previous year’s transportation 
distribution and dividing that by the number of students transported on the fortieth day of 
the previous year. This amount is then multiplied by the projected number of students to 
be transported during the current year, which results in the current per pupil allocation. 
The allocation is supplemented by funds for unpaved and unimproved roads.
Summary
Chapter Two contained a review of the literature on state supported pupil 
transportation. The literature pertaining to the evolution of state aid found that the 
requirements for pupil transportation became much more defined as the number of 
students transported increased. The evolution of state aid formulas was also influenced 
as the number and size of the vehicles used increased. State aid formulas also changed as 
the total cost of transportation programs increased.
This chapter examined the numerous fiscal models used to fund pupil transportation, 
the variables that influence pupil transportation costs, and the standards used for 
evaluating state transportation programs. In addition, a review of the current status of
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state transportation programs used in the fifty states was included.
Lastly, this chapter contained a summary of the pupil transportation program used by 
the State of New Mexico for the 1993-94 school year.
The information gleaned from the literature provided the basis for analyzing the 
transportation program used in New Mexico. The information gathered concerning 
transportation programs of other states provided funding models that can be used to 
develop alternative funding plans to be used in New Mexico.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER THREE 
Methodology 
Introduction
This study was designed to determine the major factors that currently influence 
school transportation costs in the 89 school districts in New Mexico The study also 
compared a linear regression methodology with an alternative neural netwoik 
methodology to identify the most robust predictive model for updating the current 
transportation funding model for New Mexico Public Schools. This study consisted of 
three phases. Phase one was the selection of variables identified in the research literature 
and that were available for New Mexico. Phase two consisted of statistical analyses of 
the variables using a multiple regression methodology and a neural network methodology 
to determine robustness. Phase three consisted of simulations that were used to 
determine the redistributive effects of the two alternatives as compared to actual state 
transportation allocations.
Purpose of the Studv
This study was designed to determine the major factors that currently influence 
school transportation costs in the 89 school districts in New Mexico. The study also 
compared a linear regression methodology with an alternative neural network 
methodology to identify the most robust predictive model for updating the current
66
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transportation funding model for New Mexico Public Schools. Finally, the study looked 
at the redistributive effect under the two alternatives.
Research Questions
This study examined pupil transportation in New Mexico. The following five 
questions were answered:
1. What are the major contributing factors to the state allocation of dollars 
for pupil transportation in New Mexico?
2. Is it possible to develop a cost-effective alternative transportation funding 
formula using neural network methodology?
3. How does the neural network methodology compare with a linear 
methodology?
4. How do the methods of neural network and linear regression compare to 
actual allocations?
5. What is the redistributive effect of each of the two alternative 
methodologies?
Population
The subjects in this study were the 89 school districts in the State of New Mexico. 
The data for this study was readily available from the New Mexico State Department of 
Education. Figure I is a map of the 89 school districts of the State of New Mexico.
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Figure I
Data Collection
The following data for the 1998-99 school year was collected from the New Mexico 
State Department of Education; square miles within each district, 40*̂  day pupils 
transported per district, total reportable miles per district, total unpaved miles and the 
operational transportation allocation per district From these data total one-way miles per 
district were calculated. This was accomplished by dividing the total reportable miles per 
district by 180 days, which provided the total miles traveled per day per district The 
total miles per day per district was then divided by two, which provided the total one-way 
miles, traveled per day per district. Total one-way impaved miles was found by dividing 
total unpaved miles by 180 days and then dividing the result by two. Linear density was
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then calculated by dividing the total one-way miles traveled by the 40‘̂ day pupils 
transported per district The unit for linear density is linear miles/pupil. Area densi^ 
was calculated by dividing the square miles within each district by the 40*̂  day pupils 
transported per district The unit for area density is mile'/pupil. It was necessary to 
unitize the annual allocation, which required dividing the annual operation transportation 
allocation by 180 days and then dividing the result by two. This provided the daily one­
way transportation allocation. The daily one-way transportation was divided by the 40̂  ̂
day pupils transported to provide the daily one-way allocation per pupil which was the 
dependent variable.
Research Procedures
In phase one it was necessary to gather information from all states regarding pupil 
transportation so that a review of the funding plans used currently could be accomplished. 
An extensive review o f the literature related to variables that predict pupil transportation 
costs was conducted. From these reviews, variables were selected that were expected to 
have the greatest influence on transportation costs. A table was developed in Chapter 2 to 
exhibit the different criteria described in the literature. As expected that the following 
factors were found to be the most commonly used in recent transportation research: (a) 
the number of approved bus route miles per district; (b) the number of pupils approved 
for transportation; (c) the square mileage of the district; (d) the district enrollment
In phase two of the study, detailed transportation data for 1998-99 were collected 
from all school districts in New Mexico and analyzed. Using a neural networking 
computer program and multiple regression, school districts were grouped or clustered
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based on the degree of the effect the factors contributed to the cost of pupil 
transportation. From this grouping and the predicted group weights, a predicting model 
for transportation costs throughout New Mexico was built.
Multiple regression analysis was used and compared to a neural network. Multiple 
regression has been used by researchers to verify the magnitude and statistical 
significance of a relationship between a dependant variable and a set of independent 
variables (Borg and Gall, 1989). Bishop (1996) stated “regression explores the 
relationship among one, or more, X variables (predictor variables) and a single Y 
(criterion variable)” (p. 164). If a single independent variable fails to account for most of 
the variance, it can be reasoned that the dependent variable relies on the effects of two or 
more independent variables (Whitehurst, 1993).
According to Bishop (1996) the multiple regression equation is expressed 
mathematically as Y = a + biXj + bzXz + ... bnXn In this equation “a” is the constant, 
which is the point at which the regression line intercepts the Y-axis. The variable “b” is 
the slope of the regression line. It is also known as the regression coefficient or the beta 
weight. The beta weight is the amount of variance in the X variable that can be used in 
predicting the value of the Y variable. The equation above however represents an exact 
relationship. A more correct version for research purposes would include a variable that 
represents sources of error in the model, such asY = a + biXi + bix? + ... bnXn + e (p.
165).
Bishop (1996) pointed out that there are a number of assumptions in the regression 
model. He was concerned with specification error or incorrect choices by the researcher
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in regard to independent variables. He indicated that; first the relationship between the X 
and Y variables must be linear and additive, second no relevant X variables be left out of 
the model, and third no irrelevant X variables be included in the model. According to 
Bishop (1996) most researchers using multiple regression models find controlling 
specification error to be the most challenging. Everson, Chance, and Lykins (1994) 
pointed out that regression models are useful, however, the variables must be measured 
with as little error as possible and the model must fit the data.
The neural network process of data analysis has been used in research because the 
process provides the abilify to use parallel processing of information in much the same 
way as the neurons in the human brain (Nelson & Illingworth, 1991). They are an 
outgrowth of the artificial intelligence research of the 1950s and 1960s. Everson,
Chance, and Lykins (1994) indicated that neural networks differ from other computer 
programs because neural networks Team” from sets of exemplary data and apply that 
knowledge to successive inputs. Chua, Kog, Loh, and Jaselskis (1997, p. 214) explained 
that neural networks:
... possess the ability to learn [the relationships between input factors and project 
outcomes] based on specific cases of the real world experience, even for data that is 
highly correlated and nonlinearly multivariate, and then generalize the solutions to 
other cases...
Van Nelson and Neff (1990, p. 3) suggested that a neural network be defined as “a 
non-programmed information reduction system that develops processing abilities in 
response to its environment. The function o f the neural network is to learn from
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examples.” They further described the structure of a neural network as a set of:
... interconnected processing elements where each processing element has multiple 
weighted inputs and a single non-linear output The weights are developed through 
iterative adjustment and represent the knowledge learned by the neural network (Van 
Nelson & Neff, 1990, p.3).
Figure 2
Representation A Visual Model Of A Network Described By Van Nelson And Neff
(1990, P.3).
Output Layer
Hidden Layer
Input Layer
Chua, Kog, Loh, and Jaselskis (1997, p. 214) pointed out that financial models 
created with neural networks allow more flexibility in modeling than is available through 
techniques involving regression methods. They explained further that regression 
methods require relationships to be guessed prior to use, which makes the model only as 
good as the relationships it represents. Neural networks have the ability to generate 
satisfactory solutions with incomplete and previously unseen data. Lisboa (1992) found 
several advantages of neural networks such as their abilities to select appropriate data and 
estimate the combined impact of multiple inputs when the individual impact of a variable 
may not be that powerful. Everson, Chance, and Lykins (1994) indicated that neural 
computing methods are preferable to regression methods when “developing and testing
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more complex, nonlinear classification and prediction models” (p. 2).
In phase three of this study the clusters and the predicted groups’ weights were used 
to develop a funding methodologies for the allocation of state funds for pupil 
transportation in New Mexico. The actual transportation costs and those costs predicted 
by the two methodologies developed though this study will be compared. Finally, the 
three funding formulae (current, regression, and neural net) were correlated to determine 
their relative relationship with each other. From that comparison a determination was 
made concerning the predictive value of those methods.
Summary
This chapter described the purpose, questions, population, data collection, and 
research procedures of the study. It was designed to compare two predictive models for 
use in funding pupil transportation in the State o f New Mexico and determine which 
model is the more robust when compared with actual allocations.
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CHAPTER FOUR 
Data Analysis 
Introduction
This study was designed to determine the major factors that currently influence 
school transportation costs in the 89 school districts in New Mexico. The stufy also 
compared a linear regression methodology with an alternative neural network 
methodology to identify the most robust predictive model for determining the cost of 
transportation for New Mexico Public Schools. Finally, the study looked at the 
redistributive effect under the two alternatives. The study was conducted in three phases. 
Phase one consisted of the selection of variables identified in the research literature and 
that are available for New Mexico public schools. In Phase two a statistical analyses of 
the variables using a multiple regression methodology and a neural network methodology 
was conducted to determine robusmess. Phase three consisted of simulations to be used 
to determine the redistributive effects of the two alternatives as compared to the current 
funding system.
Analvsis o f Factors Influencing Transportation Cost
The research literature identified a number of factors that influence pupil
transportation cost. A review of the transportation plans used currently in the fiffy states
74
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also identified common factors. There were several elements in common with these two 
groups of factors and the transportation data available from the New Mexico State 
Department of Education. The common elements were:
1. Linear Density (linear miles/pupil);
2. Area Density (square miles/pupil);
3. Number of Students Transported;
4. Total Route Miles;
5. Total Unpaved Miles (Road Conditions);
6. Daily One-Way Transportation Allocation;
7. Annual Operational Transportation Allocation;
8. Total Daily One-Way Miles; and
9. Total Daily Miles.
All of the common elements were obtained from or calculated using the 
transportation data from the New Mexico State Department of Education. A 
representation of the data from New Mexico can be found in Appendix A. Table 4 is a 
Pearson Product Correlation matrix o f the variables obtained from or calculated using the 
transportation data from the New Mexico State Department of Education. Table 5 
represents a corrleation matrix of selected variables.
Analvsis of Data
The Pearson Product Correlation analysis was performed to determine the degree of 
intercorrelation among the variables. The Daily One-Way Transportation Allocation per
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pupil was used as the dependent variable. All of the variables used in this study were 
found to be correlated with the dependent variable with significance at the .01 level. The 
variables that were found to be significantly correlated to the dependent variable at a .01 
level were: linear density; area density; one-way paved miles per student; one-way 
unpaved miles per student Several of the independent variables were correlated with 
each other, but none were at the .01 level o f significance.
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Table 4
Pearson Product Correlation for All Variables
Daily One-Way Transportation Allocation 
per pupil
I
i i i j î i i î i i t t i l l  n i l  n i l  I I I I
I non
a
Linear Density (linear miles/pupil) *♦.945 1.000
Area Density (square mile/pupil) **.852 **.715 1.000
Daily One-Way Transportation Allocation *-.252 *-.240 *-.202 1.000
Annual Operational Transportation 
Allocation ($)
*-.252 *-.240 *-.202 **1.000 1.000
One-way paved miles per student **,936 **.956 **.814 *-.233 *-.233 1.000
One-way unpaved miles per student **.854 **.942 **.525 *-.223 *-.223 **.802 1.000
Total Square Miles Served (square miles) 0,001 -0.046 0.103 0.124 0.124 0.008 -0.102 1.000
Total Daily Unpaved Miles (miles) -0.078 -0.009 -0.129 **.408 **.408 -0.063 0.054 **.299 1.000
Total Daily One-Way Unpaved Miles (miles) -0.078 -0.009 -0.129 **.408 **.408 -0.063 0.054 **.299 **1.000
Total Unpaved Miles (miles) -0.078 -0.009 -0.129 **.408 **.408 -0.063 0.054 **.299 **1.000
1.000
^^Correlation is significant at the 0.01 level (I-tailed). ^Correlation is significant at the 0.05 level (1-tailed)
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On the basis of the Pearson Product Correlation the following variables were chosen 
as the best predictors of the daily one-way transportation allocation per pupil: linear 
density; area density; total daily one-way unpaved miles; and total daily paved one-way 
miles. The correlations indicated that these variables could be used to create an 
alternative funding model for pupil transportation in the state of New Mexico. After the 
variables were chosen, the inverse of both linear density and area density were calculated 
to standardize the data.
Table 5
Pearson Product Correlation o f Selected Variables
I I I
i f
II
II
11
14
i i r
1
;
Daily One-Way 1.000
Transportation Allocation
per pupil
One-Way Unpaved Miles •*.854 1.000
Per Student
One-Way Paved Miles Per •*.936 .802 1.000
Student
Square Miles Per Student •*.852 .525 .814 1.000
(Area Density)
Linear Miles Per Student **.945 .942 .956 .715 1.000
(Linear Density)
** Correlation is significant at the 0.01 level (1-tailed).
Reeression Analvsis
The next step of the data analysis was to calculate a multiple regression of the 
independent variables on the dependent variable to determine the best predictors of cost.
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The regression consisted of a forced entry o f the four independent variables. One of the
variables, one-way paved miles per student, was removed due to significance limitations
of the computerized statistics program. One-way paved miles per student was not
included in the regression because it was too closely inter-correlated with linear
miles/student The variables that were included in the regression were: linear
miles/student (linear density); total daily one-way unpaved miles/student; and square
miles/student (area density). Table 6 is a summary of the regression.
Table 6 
ANOVA
Sum o f Squares < ¥ \ Mean Square F Sig.
Regression 438.969 3 146.323 708.382 .000
Residual 17.558 85 .207
Total 456.526 88|
Predictors: (Constant), Linear Miles Per Student, Square Miles Per Student, One-Way 
Unpaved Miles Per Student
Dependent Variable: Daily One-Way Transportation Allocation per pupil 
Model Summary
R R Square Adjusted R 
Sqtiare
S td E rro r 
o f the 
Estim ate
Change S tatistics
R Square 
Chwge
F Change dfl d£2 Sig. F 
Change
.981 .9 6 t .960 $0.454488 .962 708.382 3 85 .000
Predictors: (Constant), Linear Miles Per Student, Square Miles Per Student, One-Way 
Unpaved Miles Per Student
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Table 6 Continued 
Coefficients
Variable Name Unstandardized C oefficients Standardized
Coefficients
t Sig.
B Std. Error Beta
(Constant) .678 .104 6.504 .000
One-Way Unpaved 
Miles Per Student
1.076 .345 .257 3.116 .002
Square Miles Per 
Student
0.09189 .008 .438 11.093 .000
Linear Miles Per 
Student
.804 .207 .390 3.882 .000
Dependent Variable: Daily One-Way Transportation Allocation per pupil
The cumulative R square of this grouping of independent variables was .962, which 
accounts for 96.2% of the dependent variable. The adjusted R square was .960, which 
accounts for 96.0% of the variance in the dependent variable. Bishop (1996) indicated 
that the adjusted R square should be used when an analysis is conducted with a sample 
size smaller than ten subjects per variable. In this study there were eighty-nine subjects 
in each variable. Thus, the cumulative R square was used to estimate the predictive 
power of the model. The regression was significant at the .0001 level.
Multiple regression with the variables One-Way Unpaved Miles per Student, Square 
Miles per Student (Area Density), and Linear Miles per Student (Linear Density) 
produced the following equation:
Allocation = Linear Miles per Student x (0.390) + Square Miles per Student x 
(0.438) + One-Way Unpaved Miles per Student x (0.257) + 0.678.
The constant for the equation was 0.678. The beta weight for each variable was used 
as the coefficient of that variable in the above equation. Bishop (1996) indicated that the
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beta weight is a measure of the influence the independent variable has on the dependent 
variable. The equation was used to predict the total daily one-way transportation 
allocation per pupil for each school district. With the total allocation held constant, the 
predicted allocations were compared with each district’s actual allocation and the 
differences were calculated. The differences were calculated by subtracting the predicted 
cost from the daily one-way transportation allocation per pupil. The results of these 
comparisons are represented in Appendix D. According to the alternative formula those 
school districts with negative differences are receiving less transportation money per 
pupil than can be accounted for by using the regression equation. In 61 of the school 
districts the alternative formula indicated that pupil transportation was being under 
funded. In other words, if the alternative formula was used in New Mexico, sixty-one 
school districts would get more money per day to transport each pupil one way. In 31 of 
the 61 districts the percent increase would be between 10% and 24.9%. The school 
districts that consisted of fewer than 1000 students would be most effected by the 
regression formula. In 28 of the school districts the alternative formula indicated that 
pupil transportation was being over funded. O f the 28 districts that would lose funding,
13 are districts that are composed o f4000 or more pupils. The range of the loss was 0 to 
24.9%, with five districts losing less than ten percent and eight losing between 10% and 
24.9%. Table 7 represents the number of gainer and loser school districts by enrollment 
under the regression methodology.
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Table 7
Number of Gainer and Loser Districts by Enrollment Grouping Under the Regression 
Formula
Gains/Losses Under 1000 1000-3999 4000 &  Over Total
Gainers Over 100% 6 0 0 6
Gainers 50% to 99.9% 4 0 0 4
Gamers 25% to 49.9% 6 2 0 8
GainerslO% to 24.9% 19 8 4 31
Gainers 0 to 9.9% 6 4 2 12
Losers 0 to -9.9% 6 0 5 11
Losers -10% to -24.9% 2 7 8 17
Losers -25% to -49.9% 0 0 0 0
Losers Over -50% 0 0 0 0
Total Districts 49 21 19 89
Neural Network Analvsis
The next step after completing the regression component o f this study was to create a 
neural network that would cluster the school districts in New Mexico into groups with 
similar transportation needs. This was accomplished using the Neuroshell2 (Ward 
Systems Group, 1993) neural network processing computer program. Based on the four 
variables used in the regression analysis, Neuroshell2 (Ward Systems Group,1993) was 
able to group the 89 school districts in New Mexico into ten distinct groups. Group 1 
required the lowest level of transportation need per pupil lAdtile Group 10 required the
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highest. Appendix B is a representation of a table of the clustered school districts with 
their respective adjusted cluster and refined cluster values.
Using Neuroshell2 (Ward Systems Group, 1993), two neural net architectures were 
used to analyze the data. The first neural net used was a Kohonen. This analysis 
described as a “self organizing map”, generated relative weights by placing each school 
district in a cluster group based on the school district’s specific values in the 
transportation variables. The Kohonen processing found that the variables Linear 
Miles/Student and Daily One-Way Paved Miles/Student were the most influential factors 
in New Mexico pupil transportation need. The relative strength o f each o f the four 
variables in the cluster groupings was:
Total Daily One-Way Unpaved Miles per Student = 5.053218
Total Daily One-Way Paved Miles per Student = 9.840709
Square Miles per Student (Area Density) = 6.182243
Linear Miles per Student (Linear Density) = 10.36407.
A graphic representation of the relative strength of each variable on the cluster 
groupings is presented as Figure 3.
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Figures
Relative Contribution Strength o f Four Variables
Strength 6
a
!■ Daily One-Ww Paved ! 9.840708733
Miles/Studeat
!■ Daily One-W^ Unpaved ! 5.053217888 1
Miles/Student ! 1
!■ Square Nfiles/Studoit (Area i 6.182243347 j
Density) i
!□ Linear Miles/Studera (Linear 1 10J6406517
Doisity) i
Variable Name
After the Kohonen values were obtained, a second neural net, back propagation was 
used to refine the Kohonen cluster weights. The back propagation neural network used
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the Kohonen clusters as the output variable and the original four input variables as the 
input to refine the cluster groupings. The back propagation used an algorithmic iterative 
method of learning models to process the variable inputs, adjusting weights to produce a 
set of estimated grouping index weights. The back propagation resulted in a refined 
cluster value. It was the refined cluster values that were the basis for the alternative 
neural network formula for funding pupil transportation in New Mexico. Specifically, 
the refined clusters were used to develop a transportation index of need. The R square of 
the neural net analysis was .9616.
The transportation index of need was created utilizing a number of steps. The first 
step was to calculate each district’s total transportation units of need. This was 
accomplished by multiplying the refined cluster value by the average number of students 
transported daily. Next, it was necessary to calculate the value of each unit of need. The 
value was calculated by finding the total units for all districts and dividing that total into 
the total annual state transportation allocation. To calculate the annual allotment for 
transportation based on the neural network for each district, the value of each unit was 
multiplied by the number of required units.
To compare the funding based on the neural network with the current funding system 
and the funding system based on the regression, it was necessary to get comparable data. 
The neural network allotment was converted to a value for one-way transportation by 
dividing by two. The one-way value was then divided by 180 to get the daily one-way 
value of the allotment Finally the daily one-way value was divided by the number of 
students transported to get the daily one-way allotment per pupil. As with the regression
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formula the allocations predicted by the neural network were compared with each 
district’s actual allocations and the differences were calculated. The differences were 
calculated by subtracting the predicted cost from the daily one-way transportation 
allocation per pupil. The results of these comparisons are represented in Appendix E.
According to the alternative formula those school districts with a negative difference 
are receiving less transportation m on^ per pupil than can be accounted for by using the 
neural network alternative methodology. In 33 o f the school districts the alternative 
formula indicated that pupil transportation was being under funded. In other words, if the 
alternative neural network formula was used in New Mexico, thirty-three school districts 
would get more money per day to transport each pupil one way. In 14 of the 33 districts 
the percent increase would be between 0 and 9.9%. The school districts that consisted of 
fewer than 1000 students would be most effected by the neural network formula. In 56 of 
the school districts the alternative neural network formula indicated that pupil 
transportation was being over funded. O f the 56 districts that would lose funding, 33 are 
districts that are composed of 1000 or fewer pupils. The range of the loss was 0 to over 
50%, with six districts losing less than ten percent, fourteen losing 10% to 24.9%, and ten 
districts losing 25% to 49.9%. Table 8 represents the number of gainer and loser school 
districts by enrollment under the neural network methodology.
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Table 8
Number of Gainer and Loser Districts by Enrollment Grouping Under the Neural 
Network Formula
Gains/Losses Under 1000 1000-3999 4000 <Sc Over Total
Gainers Over 100% 0 0 0 0
Gamers 50% to 99.9% 2 0 1 3
Gainers 25% to 49.9% 3 2 3 8
Gainers 10% to 24.9% 4 2 2 8
Gamers 0 to 9.9% 7 2 5 14
Losers 0 to -9.9% 6 7 1 14
Losers -10% to -24.9% 14 3 5 22
Losers -25% to -49.9% 10 6 1 17
Losers Over -50% 3 0 0 3
Total Districts 49 22 18 89
Appendix C represents a comparison of the annual allotments calculated using the 
two alternative funding formulae developed for this study. A correlation statistic was 
also calculated and found that the annual allotments calculated using the neural net 
methodology and those calculated using regression were correlated at 0.998. Table 9 
represented a summary of the number of districts gaining or losing by funding type
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Table 9
Gains/Losses Regression N eural Network
Gainers Over 100% 6 0
Gainers 50% to 99.9% 4 3
Gainers 25% to 49.9% 8 8
Gainers 10% to 24.9% 31 8
Gainers 0 to 9.9% 12 14
Total Gainers 61 33
Losers 0 to -9.9% 11 14
Losers -10% to -24.9% 17 22
Losers -25% to -49.9% 0 17
Losers Over -50% 0 3
Total Losers 28 56
Total Districts 89 89
The R squared of the regression model was .960. The regression model produced 
increased allocations for sixty-one school districts, eighteen of those districts would 
experience increases o f 25% or greater. In fact, six districts would see increases of 
greater than 100%. The regression methodology predicted decreased allocations for 
twenty-eight school districts, with a range of 0 to -24.9%. The R squared of the neural 
network was .9616 for all four variables. The neural network model predicted increased 
allocations for thirty-three school districts with a range o f 0 to 99.9% and did not produce
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any allocations greater that 100%. The neural network model predicted fifty-six districts 
would see a decreased allocation with fiify-three districts falling into a range of 0 to 
-49.9%. The regression methodology was only able to include three of the four 
variables, used in this study, in the calculations of the predicted allocations. The neural 
network model was able to incorporate all four variables in the calculations of the 
predicted allocations and was not limited by multicollinearity of the predictor variables. 
The current transportation allocation formula utilized only two of the predictor variables.
Summary
This chapter described the analysis of the data collected for this study. It included an 
analysis of the factors that influence transportation allocations in the State of New 
Mexico. Two models, one based on regression analysis and one on neural network 
analysis, were created and compared with the current transportation fimding formula used 
in New Mexico. Based on the R squared values and that the neural network analysis was 
not limited by variables that are inter-correlated, the neural network predictive model was 
found to be slightly more robust when compared to regression or the current 
methodology for calculating state transportation allotments.
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CHAPTER FIVE
Summary of Findings, Conclusions, and Recommendations for Further Study
Introduction
The allocation of state funds for pupil transportation in New Mexico was perceived 
to be inequitable by various school districts in New Mexico in that they contended that 
the current allocation formula does not take into account the differing needs of each 
district. The state of New Mexico currently allocates state pupil transportation funds 
based on area density and a mileage supplement for unpaved and unimproved roads. The 
purpose of this study was to determine the major factors that currently influence school 
transportation costs in the 89 school districts in New Mexico. The study also compared a 
linear regression methodology with an alternative neural network methodology to 
identify the most robust predictive model for updating the current transportation-funding 
model for New Mexico Public Schools. Finally, the study looked at the redistributive 
effect under the two alternative methodologies.
Summary of Findings
The findings of this study are described with regard to the five original research 
questions.
Research Question 1 : What are the maior contributing factors to cost in pupil 
transtwrtation in New Mexico?
The major contributing factors to the cost of pupil transportation in New Mexico
90
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were one-way unpaved miles per transported student, one-way paved miles per 
transported student, square miles per transported student (area density), and linear miles 
per transported student (linear density). Each of these variables correlated with the 
state’s allocation per transported student at 0.852 or above, and all were significant at the
0.01 level or above. The highest correlation (0.945) was between linear density and the 
state’s allocation per transported student; this finding was consistent with the general 
research finding that linear density was the most influential factor in pupil transportation 
funding.
Research Question 2: Is it possible to develop a cost-effective alternative 
transportation funding formula using neural network methodoloev?
The results of the calculation from the Neuroshell2 (Ward Systems Group, 1993) 
neural network program indicated that this program could be used to develop an index of 
transportation need to fund pupil transportation in New Mexico. Consistent with the 
literature, linear density was the most powerful variable in the neural network 
methodology. In the neural network methodology, the order of impact was linear density, 
one-way paved miles per student, area density, and daily one-way unpaved miles. This 
was consistent with the correlations except for the reversal of area density and unpaid 
miles per transported student
Research Question 3: How does the neural network methodology compare with a 
linear methodology?
While both neural network and regression methodologies provide solutions for the 
perceived inequities of the current transportation formula, only neural network was able
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to incorporate all four identified variables without concern for inter-correlation among 
the variables. The R squared value for the neural network model was 0.9616. Regression 
was restrained to using three of the four variables because of limitations to an increase in 
R squared significance as variables were added. The R squared value for the regression 
model was 0.960.
Both methodologies had their greatest effect on school districts with less than 1000 
students. This can be explained by the predictive power of the density variables. Those 
school districts with fewer than 1000 students tended to have high linear and area density 
values. The neural network methodology was able to incorporate linear paved miles per 
student into the allocation calculation. This increased the predictive ability of the method 
in relation to small school districts, because it included another factor on which the 
allocation could be based. The neural network was less extreme in the differences 
between the predicted allocations and the current allocations for all school districts. 
Sixty-seven school districts had changes in their allocations that ranged from 9.9% to -  
49.9%. Additionally, the neural network did not produce any allocation changes greater 
than 100%. All six of the school districts that experienced increased allocation of over 
100% under the regression methodology, had student enrollments of less than 1000. This 
indicated that the variable linear paved miles per student, while not as powerful as a 
density variable, may be a controlling factor in the neural network methodology for the 
extremes in prediction of transportation allocations.
Research Question 4: How do the methods of neural network and linear regression 
compare to actual allocations?
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The predicted allocations from each formula were compared with each district’s 
current allocation and the differences were calculated. The differences were calculated 
by subtracting the predicted annual allocation from the current aimual transportation 
allocation. The percent change was calculated by dividing the difference by the current 
annual transportation allocation and multiplying by 100 (see Appendix C for percent 
change for each district). According to the alternative formulae, those school districts 
with a negative percent change should receive less transportation funding annually than 
they currently do, while those with a positive percent change should receive more 
funding.
A correlation statistic was calculated between the two alternative formulae and the 
current allocation methodology. The correlation indicated that the regression and the 
neural network methodologies were highly correlated with a value o f0.998. Both 
funding methodologies were also highly correlated with the current allocation 
methodology at 0.999. These high correlations may be explained in that the density 
factor is such a powerful predictive variable of transportation cost. This is consistent 
with the research literature.
Research Question S: What is the redistributive effect o f each of the two alternative 
methodologies?
Both of the alternative formulae had a redistributive effect when compared to the 
current funding levels. The regression formula had a greater number of districts gaining 
funding, while the neural network methodology had more districts losing funding. The
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school districts with under 1000 pupils saw the most change under both funding 
mechanisms. Under regression forty-one of these school districts saw increased funding 
while neural network indicated that thirty-one should lose funding. In eighty-three of the 
school districts, the gains or losses attributed to the neural network were in the range of 
gains less that 50% to losses less that 50%. Thus the changes due to the neural network 
methodology were less extreme. The range of gains or losses for the regression was 
gains over 100% to losses less that 25%. Further study of actual transportation cost 
would be required to determine which distribution model better allocates dollars across 
districts of varying size.
Conclusions
This study was designed to determine the major factors that currently influence 
school transportation costs in the 89 school districts in New Mexico. The study also 
compared a linear regression methodology with an alternative neural network 
methodology to identify the most robust predictive model for updating the current 
transportation-funding model for New Mexico Public Schools. Finally, the study looked 
at the redistributive effect under the two alternatives.
The factors that had the greatest effect on pupil transportation costs in New Mexico 
were:
1. linear density,
2. area density,
3. daily one-way paved miles per student, and
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4. daily one-way unpaved miles per student.
Linear density and daily one-way paved miles had the greatest effect on allocations 
as predicted in the literature.
The alternative formulae developed in this study were both highly predictive of the 
daily one-way cost per pupil as indicated by their respective R squared factors. The 
regression formula was only able to incorporate three of the four independent variables, 
because o f limitations in the statistical computer program. SPSS (SPSS Inc., 1999) 
automatically removed variables that had no significant change in the R squared value of 
the regression equation. The neural network formula was able to use all four independent 
variables identified in this study because of its tolerance of multicollinearity. One of the 
advantages of neural networks their ability to deal with ambiguous and overlapping data. 
Also the neural network’s redistributive effect was less extreme in terms of winners and 
losers as compared to multiple regression.
Recommendations for Further Studv
1. A full profile of other state transportation funding methodologies compared with a 
transportation index of need would further validate the usefulness of a neural 
network as a method to allocate transportation funds.
2. The predictive ability of the neural network should be compared between those states 
that have privatized their pupil transportation system and those that are self-owned. 
This would allow a comparison of predictive methods with actual cost data as 
opposed to current state allocations.
3. Other transportation variables, such as school bus size, minimum transportation 
distance, driver’s salaries and benefits, and insurance rates should be analyzed using
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
96
the neural network methodology to determine the effect, i f  any on transportation
costs.
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APPENDIX A 
NEW MEXICO SCHOOL DISTRICTS’ 
PUPIL TRANSPORTATION DATA 1998-99
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Appendix A
D is tric t Name Total P upils Tota l Report 
Transported M iles (m iles) 
(pupils)
Total Square 
M iles Served 
(square m iles)
Total
Unpaved
M iles
(m iles)
Total D aily 
Unpaved 
M iles (miles)
Rio Rancho 6598 666,582.40 146.00 44404.80 246.69
Albuquerque 32022 5,284,097.20 1175.00 96984.00 538.80
Los Alamos 1582 177,644.00 110.00 0.00 0.00
Ruidoso 1839 389,520.00 165.00 4320.00 24.00
Los Lunas 5424 1,030,320.00 672.00 109368.00 607.60
Las Cruces 11121 1,568,804.80 1456.00 96136.70 534.09
Gadsden 9335 1,633,747.80 1307.00 57707.50 320.60
Espanola 4804 720,205.80 715.00 63777.40 354.32
Clovis 2644 473,123.20 453.00 45003.20 250.02
Farmington 4397 645,314.10 789.00 17622.00 97.90
Santa Fe 5389 1,126,832.00 986.00 90900.00 505.00
Portales 1773 255,960.00 350.00 70848.00 393.60
Aztec 2197 333,234.00 436.00 10656.00 59.20
Pojoaque 1582 284,067.30 334.00 43506.60 241.70
Hobbs 3139 547,632.00 738.00 10746.00 59.70
Bernalillo 2539 328,931.30 640.00 724.00 4.02
Taos 2307 339,030.00 637.00 62532.00 347.40
Moriarty 4074 916,366.80 1292.00 266047.80 1478.04
Helen 3262 597,109.90 1081.00 82773.70 459.85
Penasco 580 74,592.00 261.00 14436.00 80.20
Central Cons. 5817 918,645.90 2819.00 159005.70 883.37
Pecos 769 91,332.00 383.00 11430.00 63.50
Bloomfield 2898 407,031.40 1503.00 37255.40 206.97
Gallup 8883 2,282,454.00 4790.00 366462.00 2035.90
Lovington 1492 273,168.00 1052.00 38934.00 216.30
Roswell 3929 556,705.60 3147.00 5720.00 31.78
Cobre Cons. 1304 217,218.80 1045.00 0.00 0.00
Carlsbad 2797 588,402.50 2472.00 1050.00 5.83
Zuni 683 81,288.00 638.00 630.00 3.50
Hatch 1153 133,705.80 1129.00 7257.00 40.32
Dexter 652 169,387.70 683.00 26778.40 148.77
Hagerman 380 53,478.00 400.00 3312.00 18.40
Las Vegas East 998 214,902.00 1156.00 31698.00 176.10
Questa 567 112,410.00 659.00 7560.00 42.00
Mora 616 111,474.00 742.00 21960.00 122.00
Artesia 2240 384,966.00 2776.00 14940.00 83.00
Deming 2351 464,124.80 2968.00 55121.00 306.23
Silver City 2090 328,848.30 2711.00 36656.70 203.65
Loving 98 31,377.50 135.00 840.00 4.67
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D is iric l Name Total P upils Total Report 
Transported M iles (m iles) 
(pupils)
Total Square 
M iles Served 
(square m iles)
Total
Unpaved
M iles
(m iles)
Total D a ily  
Unpaved 
M iles (m iles)
Raton 792 194,688.00 1105.00 35298.00 196.10
Alamogordo 2566 470,132.50 3698.00 23296.00 129.42
Texico 197 88,323.60 295.00 37237.60 206.88
Socorro 1563 189,360.00 2625.00 10080.00 56.00
Estancia 620 157,122.00 1065.00 77598.00 431.10
Las Vegas West 1234 289,368.00 2203.00 81900.00 455.00
Chama 609 129,085.60 1097.00 6425.80 35.70
Tularosa 687 144,792.00 1361.00 8712.00 48.40
Tucumcari 870 184,140.00 1740.00 30960.00 172.00
Eunice 319 65,160.00 662.00 10440.00 58.00
Grants 1803 432,036.00 3772.00 16056.00 89.20
Jemez Valley 525 112,842.00 1107.00 2448.00 13.60
Lordsburg 535 101,200.50 1248.00 15098.00 83.88
Cimmarron 470 147,285.00 1341.00 10110.00 56.17
Dulce 476 16,954.00 1376.00 0.00 0.00
Capitan 405 122,472.00 1207.00 29322.00 162.90
Cuba 652 277,452.00 1956.00 85914.00 477.30
T. or C. 1357 270,432.00 4233.00 26064.00 144.80
Mesa Vista 471 198,882.00 1740.00 13986.00 77.70
Cloudcroft 377 123,030.00 1491.00 29916.00 166.20
Jemez Mountain 412 166,248.00 1655.00 288.00 1.60
Animas 598 119,625.00 2423.00 32175.00 178.75
Floyd 99 51,066.00 431.00 28206.00 156.70
Logan 182 79,511.60 808.00 45990.00 255.50
Lake Arthur 88 34,875.00 396.00 10555.50 58.64
Santa Rosa 468 155,689.60 2271.00 43366.40 240.92
Dora 160 100,098.20 817.00 36743.40 204.13
Melrose 126 90,126.00 666.00 44910.00 249.50
Hondo 149 26,409.90 804.00 3065.30 17.03
Grady 75 90,262.50 410.00 37410.00 207.83
Mountainair 148 77,220.00 950.00 19044.00 105.80
Clayton 410 350,010.00 2636.00 121374.00 674.30
Springer 122 83,986.20 1019.00 28327.60 157.38
Tatum 136 96,102.00 1222.00 22320.00 124.00
Des Moines 123 111,708.00 1166.00 62532.00 347.40
Magdalena 221 92,843.50 2178.00 10643.00 59.13
Fort Sumner 235 211,579.50 2376.00 97713.00 542.85
Wagon Mound 83 68,130.00 1151.00 13500.00 75.00
Carrizozo 119 77,076.00 1725.00 19404.00 107.80
Reserve 208 60,620.50 3349.00 930.00 5.17
Quemado 177 97,444.80 4209.00 22050.00 122.50
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D istric t Name Total P upils Total Report 
Transported M iles (m iles) 
(pupils)
Total Square 
M iles Served 
(square m iles)
Total
Unpaved
M iles
(m iles)
Total D a ily  
Unpaved 
M iles (m iles)
Maxwell 39 19,468.80 329.00 9633.60 53.52
Sanjon 72 63,013.60 637.00 28002.80 155.57
House 51 60,505.20 513.00 21609.00 120.05
Jal 66 60,948.00 724.00 25092.00 139.40
Elida 58 107,715.00 844.00 58035.00 322.42
Roy 46 64,940.80 899.00 31506.80 175.04
Corona 51 92,841.90 2085.00 43567.60 242.04
Mosquero 23 45,552.00 1253.00 15738.80 87.44
Vaulin 19 19,368.00 1381-00 1494.00 8J0
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D is iric l Name Total D a ily  
One-Wcqt 
Unpaved 
M iles 
(miles)
Total
D aily
Miles
(miles)
Total D a ily  
One-Wictyf 
M iles  
(miles)
Area Density 
(pupil/square 
mile)
Linear
Density
(pupil/linear
mile)
Rio Rancho 123.35 3703.00 1851.00 45.191781 3.564560
Albuquerque 269.40 29356.00 14678.00 27.252766 2.181632
Los Alamos 0.00 986.00 493.00 14.381818 3.208925
Ruidoso 12.00 2164.00 1082.00 11.145455 1.699630
Los Lunas 303.80 5724.00 2862.00 8.071429 1.895178
Las Cruces 267.05 8715.00 4357.00 7.638049 2.552444
Gadsden 160.30 9076.00 4538.00 7.142311 2.057074
Espanola 177.16 4001.00 2000.00 6.718881 2.402000
Clovis 125.01 2628.00 1314.00 5.836645 2.012177
Farmington 48.95 3585.00 1792.00 5.572877 2.453683
Santa Fe 252.50 6260.00 3130.00 5.465517 1.721725
Portales 196.80 1422.00 711.00 5.065714 2.493671
Aztec 29.60 1851.00 925.00 5.038991 2.375135
Pojoaque 120.85 1578.00 789.00 4.736527 2.005070
Hobbs 29.85 3042.00 1521.00 4.253388 2.063774
Bernalillo 2.01 1827.00 913.00 3.967188 2.780942
Taos 173.70 1883.00 941.00 3.621664 2.451647
Moriarty 739.02 5090.00 2545.00 3.153251 1.600786
Belen 229.93 3317.00 1658.00 3.017576 1.967431
Penasco 40.10 414.00 207.00 2.222222 2.801932
Central Cons. 441.68 5103.00 2551.00 2.063498 2.280282
Pecos 31.75 507.00 253.00 2.007833 3.039526
Bloomfield 103.49 2261.00 1130.00 1.928144 2.564602
Gallup 1017.95 12680.00 6340.00 1.854489 1.401104
Lovington 108.15 1517.00 758.00 1.418251 1.968338
Roswell 15.89 3092.00 1546.00 1.248491 2.541397
Cobre Cons. 0.00 1206.00 603.00 1.247847 2.162521
Carlsbad 2.92 3268.00 1634.00 1.131472 1.711750
Zuni 1.75 451.00 225.00 1.070533 3.035556
Hatch 20.16 742.00 371.00 1.021258 3.107817
Dexter 74.38 941.00 470.00 0.954612 1.387234
Hagerman 9.20 297.00 148.00 0.950000 2.567568
Las Vegas East 88.05 1193.00 596.00 0.863322 1.674497
Questa 21.00 624.00 312.00 0.860395 1.817308
Mora 61.00 619.00 309.00 0.830189 1.993528
Artesia 41.50 2138.00 1069.00 0.806916 2.095416
Deming 153.11 2578.00 1289.00 0.792116 1.823894
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D is iric l Name Toia l D a ily  
One-Way 
Unpaved 
M iles  
(miles)
Toial
D a ily
M iles
(miles)
Toial D a ily  
One-Way 
M iles  
(miles)
Area Density 
(pupil/square 
mile)
Linear
Density
(pupil/linear
mile)
Silver City 101.82 1826.00 913.00 0.770933 2.289157
Loving 2.33 174.00 87.00 0.725926 1.126437
Raton 98.05 1081.00 540.00 0.716742 1.466667
Alamogordo 64.71 2611.00 1305.00 0.693889 1.966284
Texico 103.44 490.00 245.00 0.667797 0.804082
Socorro 28.00 1052-00 526-00 0.595429 2.971483
Estancia 215.55 872.00 436.00 0.582160 1.422018
Las Vegas West 227.50 1607.00 803.00 0.560145 1.536737
Chama 17.85 717.00 358.00 0.555150 1.701117
Tularosa 24.20 804.00 402.00 0.504776 1.708955
Tucumcari 86.00 1023.00 511.00 0.500000 1.702544
Eunice 29.00 362.00 181.00 0.481871 1.762431
Grants 44.60 2400.00 1200.00 0.477996 1.502500
Jemez Valley 6.80 626.00 313.00 0.474255 1.677316
Lordsburg 41.94 562.00 281.00 0.428686 1.903915
Cimmarron 28.08 818.00 409.00 0.350485 1.149144
Dulce 0.00 94.00 47.00 0.345930 10.127660
Capitan 81.45 680.00 340.00 0.335543 1.191176
Cuba 238.65 1541.00 770.00 0.333333 0.846753
T. or C. 72.40 1502.00 751.00 0.320576 1.806924
Mesa Vista 38.85 1104.00 552.00 0.270690 0.853261
Cloudcroft 83.10 683.00 341.00 0.252850 1.105572
Jemez Mountain 0.80 923.00 461.00 0.248943 0.893709
Animas 89.38 664.00 332.00 0.246801 1.801205
Floyd 78.35 283.00 141.00 0.229698 0.702128
Logan 127.75 441.00 220.00 0.225248 0.827273
Lake Arthur 29.32 193.00 96.00 0.222222 0.916667
Santa Rosa 120.46 864.00 432.00 0.206077 1.083333
Dora 102.07 556.00 278.00 0.195838 0.575540
Melrose 124.75 500.00 250.00 0.189189 0.504000
Hondo 8.51 146.00 73.00 0.185323 2.041096
Grady 103.92 501.00 250.00 0.182927 0.300000
Mountainair 52.90 429.00 214.00 0.155789 0.691589
Clayton 337.15 1944.00 972.00 0.155539 0.421811
Springer 78.69 466.00 233.00 0.119725 0.523605
Tatum 62.00 533.00 266.00 0.111293 0.511278
Des Moines 173.70 620.00 310.00 0.105489 0.396774
Magdalena 29.56 515.00 257.00 0.101469 0.859922
102
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
D istric t Name Total D aily  
One-Way 
Unpaved 
M iles 
(miles)
Total
D a ily
M iles
(miles)
Total D a ily  
One-Way 
M iles 
(miles)
Area Density 
(pupil/square 
mile)
L inear
Density
(pupiUlinear
mile)
Fort Sumner 271.43 1175.00 587.00 0.098906 0.400341
Wagon Mound 37.50 378.00 189.00 0.072111 0.439153
Carrizozo 53.90 428.00 214.00 0.068986 0.556075
Reserve 2.58 336.00 168.00 0.062108 1.238095
Quemado 61.25 541.00 270.00 0.042053 0.655556
Maxwell 26.76 108.00 54.00 0.118541 0.722222
House 60.03 336.00 168.00 0.099415 0.303571
Jal 69.70 338.00 169.00 0.091160 0.390533
Elida 161.21 598.00 299.00 0.068720 0.193980
Roy 87.52 360.00 180.00 0.051168 0.255556
Corona 121.02 515.00 257.00 0.024460 0.198444
Mosquero 43.72 253.00 126.00 0.018356 0.182540
Vaugtm 4.15 107.00 53.00 0.013758 0.358491
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D istric t Name Annual O perational 
Transportation 
A llocation (S)
D aily One-Way 
Transportation 
Allocation (S)
D a ily  One-Way 
Transportation 
Allocation per p u p il
Rio Rancho $1,903,049.00 $5,286.25 $0.80
Albuquerque 511,846,848.00 $32,907.91 $1.03
Los Alamos $573,480.00 $1,593.00 $1.01
Ruidoso $717,386.00 $1,992.74 $1.08
Los Lunas $2,014,257.00 $5,595.16 $1.03
Las Cruces $4,094,728.00 $11,374.24 $1.02
Gadsden $3,413,776.00 $9,482.71 $1.02
Espanola $1,782,647.00 $4,951.80 $1.03
Clovis $989.051.00 $2,747.36 $1.04
Farmington $1,604,704.00 $4,457.51 $1.01
Santa Fe $1,996,055.00 $5,544.60 $1.03
Portales $685,375.00 $1,903.82 $1.07
Aztec $802,966.00 $2,230.46 $1.02
Pojoaque $595,310.00 $1,653.64 $1.05
Hobbs $1,174,668.00 $3,262.97 $1.04
Bernalillo $920,887.00 $2,558.02 $1.01
Taos $886,286.00 $2,461.91 $1.07
Moriarty $1,605,136.00 $4,458.71 $1.09
Belen $1,239,405.00 $3,442.79 $1.06
Penasco $222,360.00 $617.67 $1.06
Central Cons. $2,230,353.00 $6,195.43 $1.07
Pecos $291,065.00 $808.51 $1.05
Bloomfield $1,089,020.00 $3,025.06 $1.04
Gallup $3,390,562.00 $9,418.23 $1.06
Lovington $576,605.00 $1,601.68 $1.07
Roswell $1,458,714.00 $4,051.98 $1.03
Cobre Cons. $501,995.00 $1,394.43 $1.07
Carlsbad $1,078,041.00 $2,994.56 $1.07
Zuni $253,410.00 $703.92 $1.03
Hatch $392,544.00 $1,090.40 $0.95
Dexter $272,998.00 $758.33 $1.16
Hagerman $140,145.00 $389.29 $1.02
Las Vegas East $461,508.00 $1,281.97 $1.28
Questa $243,631.00 $676.75 $1.19
Mora $302,179.00 $839.39 $1.36
Artesia $955,960.00 $2,655.44 $1.19
Deming $1,024,918.00 $2,846.99 $1.21
Silver City $908,139.00 $2,522.61 $1.21
Loving $49,015.00 $136.15 $1.39
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D istric t Name Anrmal Operational 
Transportation 
Allocation ($)
D a ily  One-Way 
Transportation 
Allocation ($)
D a ily  One-Way 
Transportation 
Allocation per pupil
Raton $350,096.00 $972.49 $1.23
Alamogordo $1,110,168.00 $3,083.80 $1.20
Texico $146,265.00 $406.29 $2.06
Estancia $358,595.00 $996.10 $1.61
Las Vegas West $678,322.00 $1,884.23 $1.53
Chama $300,701.00 $835.28 $1.37
Tularosa $356,885.00 $991.35 $1.44
Tucumcari $455,828 00 $1,266.19 $1.46
Eunice $157,225.00 $873.47 $2.74
Grants $930,633.00 $2,585.09 $1.43
Jemez Valley $349,988.00 $972.19 $1.85
Lordsburg $283,663.00 $787.95 $1.47
Cimmarron $312,476.00 $867.99 $1.85
Dulce $62,649.00 $174.03 $0.37
Capitan $292,969.00 $813.80 $2.01
Cuba $526,974.00 $1,463.82 $2.25
T. orC. $713,010.00 $1,980.58 $1.46
Mesa Vista $330,017.00 $916.71 $1.95
Cloudcroft $280,705.00 $779.74 $2.07
Jemez Mountain $362,151.00 $1,005.98 $2.44
Animas $444,620.00 $1,235.06 $2.07
Floyd $101,220.00 $281.17 $2.84
Logan $190,048.00 $527.91 $2.90
Lake Arthur $76,096.00 $211.38 $2.40
Santa Rosa $518,140.00 $1,439.28 $3.08
Dora $176,969.00 $491.58 $3.07
Melrose $199,129.00 $553.14 $4.39
Hondo $146,741.00 $407.61 $2.74
Grady $118,939.00 $330.39 $4.41
Mountainair $185,891.00 $516.36 $3.49
Clayton $584,804.00 $1,624.46 $3.96
Springer $162,380.00 $451.06 $3.70
Tatum $225,403.00 $626.12 $4.60
Des Moines $201,835.00 $560.65 $4.56
Magdalena $273,221.00 $758.95 $3.43
Fort Sumner $396,456.00 $1,101.27 $4.69
Wagon Mound $129,248.00 $359.02 $4.33
Carrizozo $145,651.00 $404.59 $3.40
Reserve $239,601.00 $665.56 $3.20
Quemado $235,772.00 $654.92 $3.70
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D istric t Name Annual Operational 
Transportation 
Allocation ($)
D a ily  One-Way 
Transportation 
Allocation ($)
D a ily  One-Way 
Transportation 
Allocation per pup il
Maxwell $54,741.00 $152.06 $3.90
Sanjon $136,552.00 $379.31 $5.27
House $114,074.00 $316.87 $6.21
Jal $76,385.00 $212.18 $3.21
Elida $173,805.00 $482.79 $8.32
Roy $143,391.00 $398.31 $8.66
Mosquero $93,917.00 $260.88 $11.34
Vaughn $64,686.00 $179.68 $9.46
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NEW MEXICO SCHOOL DISTRICTS’ 
NEURAL NETWORK CLUSTER ASSIGNMENTS
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Appendix B
D is tric t Name Adjusted Cluster R ained Cluster
Dulce 1.000336 1.000014
Rio Rancho 1.337897 1.004745
Los Alamos 1.206680 1.188283
Hatch 1.017738 1.206818
Pecos 1.000290 1.208476
Zuni 1.053572 1.273700
Socorro 1.001198 1.281327
Penasco 1.004773 1.312915
Bernalillo 1.001008 1.451350
Portales 1.025520 1.493886
Bloomfield 1.004801 1.565682
Hagerman 1.000014 1.581506
Las Cruces 1.005529 1.601194
Taos 3.197176 1.602039
Roswell 1.024037 1.645742
Farmington 1.000248 1.723001
Espanola 1.001140 1.728660
Central Cons. 1.001130 1.792281
Aztec 1.001818 1.803480
Silver City 1.001113 1.830848
Albuquerque 2.431393 2.055318
Cobre Cons. 4.057264 2.096065
Hondo 2.000788 2.153911
Artesia 2.004571 2.156405
Mora 2.004316 2.159873
Pojoaque 2.700089 2.187896
Gadsden 2.013427 2.220452
Hobbs 2.000677 2.224763
Clovis 2.015993 2.233467
Lovington 2.000401 2.256875
Belen 2.136813 2.263018
Alamogordo 2.000285 2.352157
Lordsburg 2.105637 2.359209
Los Lunas 2.378890 2.420524
Animas 3.001674 2.421936
Deming 2.000702 2.540838
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D istrict Name Adjusted Cluster Rained Cluster
T. or C. 3.001149 2.600042
Questa 3.001590 2.606945
Eunice 3.624040 2.620966
Tucumcari 3.012505 2.739741
Santa Fe 3.008516 2.785363
Las Vegas East 3.021535 2.821292
Moriarty 3.000109 2.830353
Tularosa 3.001323 2.840872
Chama 3.007791 2.867904
Carlsbad 3.004508 2.889125
Ruidoso 3.000872 2.901847
Jemez Valley 3.000994 2.950820
Las Vegas West 3.004822 3.003416
Estancia 3.003863 3.060168
Raton 3.062622 3.295197
Grants 3.039443 3.351694
Gallup 3.347572 3.482648
Dexter 3.002020 3.529206
Capitan 4.022205 4.072957
Cimmarron 4.052316 4.296212
Loving 4.019246 4.333346
Cloudcroft 4.146377 4.367309
Reserve 4.010962 4.385006
Santa Rosa 4.007717 4.443574
Jemez Mountain 5.004788 4.972852
Lake Arthur 5.075395 4.983507
Mesa Vista 5.066874 5.077340
Cuba 6.980794 5.152986
Texico 5.043864 5.263896
Logan 5.071780 5.296448
Magdalena 5.051916 5.328523
Mountainair 5.069380 5.716589
Floyd 6.181162 5.820128
Maxwell 6.154104 5.884353
Dora 6.087743 6.151642
Tatum 6.056219 6.402092
Springer 6.120258 6.482814
Carrizozo 6.095986 6.569192
Melrose 7.011304 6.655931
Quemado 6.488171 6.693541
Clayton 7.256182 6.911955
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D istrict Name Adjusted Cluster Refined Cluster
Wagon Mound 7.301245 6.972562
Sanjon 7.252730 7.307807
Fort Sumner 7.290259 7.494506
Jal 7.319827 7.527189
Des Moines 7.151807 7.661674
Grady 8.142602 8.128024
House 8.329524 8.210071
Roy 9.243703 9.328676
Elida 9.929251 9.750908
Vaughn 10.072110 9.780017
Corona 9.922076 10.005789
Mosquero 9.652558 10.023722
110
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX c
COMPARISON OF NEURAL NETWORK AND REGRESSION TRANSPORTATION
FORMULAE
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Appendix C
D is tric t Name Annual 
Operational 
Transportation 
Allocation ($)
Annual 
Allotm ent 
(Neural Net)
N eural
N et%
Change
Annual
Allotment
(Regression)
Regression 
% Change
Alamogordo $1,110,168.00 $1,103,237.64 -0.62% $1,328,349.31 19.65%
Albuquerque $11,846,848.00 $12,030,221.78 1.55% $9,580,130.92 -19.13%
Animas $444,620.00 $264,734.19 -40.46% $553,614.07 24.51%
Artesia $955,960.00 $882,926.44 -7.64% $1,081,191.05 13.10%
Aztec $802,966.00 $724,248.45 -9.80% $700,542.15 -12.76%
Belen $1,239,405.00 $1,349,329.98 8.87% $1,159,366.59 -6.46%
Bernalillo $920,887.00 $673,567.36 -26.86% $806,349.69 -12.44%
Bloomfield $1,089,020.00 $829,369.83 -23.84% $1,056,665.89 -2.97%
Capitan $292,969.00 $301,516.47 2.92% $327,138.30 11.66%
Carlsbad $1,078,041.00 $1,477,083.08 37.02% $1,236,736.79 14.72%
Carrizozo $145,651.00 $142,891.08 -1.89% $319,190.76 119.15%
Central Cons. $2,230,353.00 $1,905,685.91 -14.56% $2,149,623.08 -3.62%
Chama $300,701.00 $319,247.97 6.17% $354,767.13 17.98%
Cimmarron $312,476.00 $369,087.86 18.12% $366,785.40 17.38%
Clayton $584,804.00 $518,001.43 -11.42% $649,044.73 10.99%
Cloudcroft $280,705.00 $300,954.90 7.21% $363,456.98 29.48%
Clovis $989,051.00 $1,079,411.99 9.14% $866,965.51 -12.34%
Cobre Cons. $501,995.00 $499,606.90 -0.48% $539,193.77 7.41%
Corona $230,083.00 $93,275.52 -59.46% $368,971.94 60.36%
Cuba $526,974.00 $614,119.24 16.54% $567,717.86 7.73%
Deming $1,024,918.00 $1,091,882.10 6.53% $1,174,820.04 14.63%
Des Moines $201,835.00 $172,256.25 -14.65% $259,731.64 28.69%
Dexter $272,998.00 $420,601.50 54.07% $322,638.09 18.18%
Dora $176,969.00 $179,910.80 1.66% $205,481.64 16.11%
Dulce $62,649.00 $87,008.00 38.88% $322,678.85 415.06%
Elida $173,805.00 $103,375.88 -40.52% $193,877.06 11.55%
Espanola $1,782,647.00 $1,517,954.83 -14.85% $1,502,984.44 -15.69%
Estancia $358,595.00 $346,803.24 -3.29% $380,298.12 6.05%
Eunice $157,225.00 $152,826.34 -2.80% $199,773.16 27.06%
Farmington $1,604,704.00 $1,384,803.96 -13.70% $1,380,715.10 -13.96%
Floyd $101,220.00 $105,320.74 4.05% $113,182.01 11.82%
Fort Sumner $396,456.00 $321,926.76 -18.80% $512,426.18 29.25%
Gadsden $3,413,776.00 $3,788,801.15 10.99% $2,978,953.92 -12.74%
Gallup $3,390,562.00 $5,654,776.45 66.78% $3,711,431.83 9.46%
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D istric t Name Annual 
Operational 
Transportation 
Allocation (S)
Annual 
Allotment 
(Neural Net)
Neural 
Net % 
Change
Annual
Allotment
(Regression)
Regression 
% Change
Grady $118,939.00 $111,427.51 -6.32% $121,254.79 1.95%
Grants $930,633.00 $1,104,603.01 18.69% $1,146,786.58 23.23%
Hagerman $140,145.00 $109,850.16 -21.62% $168,537.17 20.26%
Hatch $392,544.00 $254,341.52 -35.21% $487,604.15 24.22%
Hobbs $1,174,668.00 $1,276,501.22 8.67% $1,043,636.70 -11.15%
Hondo $146,741.00 $58,662.45 -60.02% $165,428.46 12.73%
House $114,074.00 $76,535.56 -32.91% $116,325.04 1.97%
Jal $76,385.00 $90,807.76 18.88% $152,384.69 99.50%
Jemez Mountain $362,151.00 $374,497.52 3.41% $404,900.54 11.80%
Jemez Valley $349,988.00 $283,170.62 -19.09% $329,820.59 -5.76%
Lake Arthur $76,096.00 $80,161.15 5.34% $95,081.66 24.95%
Las Cruces $4,094,728.00 $3,254,872.26 -20.51% $3,400,537.27 -16.95%
Las Vegas East $461,508.00 $514,665.18 11.52% $491,684.59 6.54%
Las Vegas West $678,322.00 $677,449.26 -0.13% $743,046.12 9.54%
Logan $190,048.00 $176,198.54 -7.29% $203,756.70 7.21%
Lordsburg $283,663.00 $230,710.01 -18.67% $352,075.25 24.12%
Los Alamos $573,480.00 $343,615.47 -40.08% $448,947.25 -21.72%
Los Lunas $2,014,257.00 $2,399,801.26 19.14% $1,766,343.68 -12.31%
Loving $49,015.00 $77,623.94 58.37% $54,741.49 11.68%
Lovington $576,605.00 $615,492.02 6.74% $613,995.59 6.48%
Magdalena $273,221.00 $215,251.05 -21.22% $414,271.79 51.63%
Maxwell $54,741.00 $41,947.83 -23.37% $67,863.31 23.97%
Melrose $199,129.00 $153,294.13 -23.02% $173,246.11 -13.00%
Mesa Vista $330,017.00 $437,122.68 32.45% $446,785.15 35.38%
Mora $302,179.00 $243,195.21 -19.52% $300,483.58 -0.56%
Moriarty $1,605,136.00 $2,107,695.58 31.31% $1,542,213.66 -3.92%
Mosquero $93,917.00 $42,140.82 -55.13% $213,621.57 127.46%
Mountainair $185,891.00 $154,648.21 -16.81% $209,763.27 12.84%
Pecos $291,065.00 $169,867.64 -41.64% $272,150.89 -6.50%
Penasco $222,360.00 $139,190.90 -37.40% $204,666.86 -7.96%
Pojoaque $595,310.00 $632,673.05 6.28% $532,582.84 -10.54%
Portales $685,375.00 $484,141.49 -29.36% $575,528.71 -16.03%
Quemado $235,772.00 $216,558.56 -8.15% $712,747.77 202.30%
Questa $243,631.00 $270,184.88 10.90% $273,579.83 12.29%
Raton $350,096.00 $477,037.82 36.26% $429,704.00 22.74%
Reserve $239,601.00 $166,716.95 -30.42% $572,385.95 138.89%
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D is iric i Name Annual 
Operational 
Transportation 
Allocation (S)
Annual 
Allotment 
(Neural Net)
N eural 
N et % 
Change
Annual
Allotment
(Regression)
Regression 
% Change
Rio Rancho $1,903,049.00 $1,211,753.68 -36.33% $1,809,054.57 -4-94%
Roswell $1,458,714.00 $1,181,925.25 -18.97% $1,589,645.47 8.98%
Roy $143,391.00 $78,437.55 -45.30% $176,988.55 23.43%
Ruidoso $717,386.00 $975,444.06 35.97% $596,356.12 -16.87%
Sanjon $136,552.00 $96,175.79 -29.57% $142,257.23 4.18%
Santa Fe $1,996,055.00 $2,743,696.84 37.46% $1,836,482.95 -7.99%
Santa Rosa $518,140.00 $380,123.30 -26.64% $516,780.97 -0.26%
Silver City $908,139-00 $699,430-62 -22-98% $1,021,183-07 12-45%
Socorro $619,126.00 $366,070.98 -40.87% $828,044.45 33.74%
Springer $162,380.00 $144,567.14 -10.97% $218,868.91 34.79%
T. orC. $713,010.00 $644,920.72 -9.55% $1,055,005.08 47.96%
Taos $886,286.00 $675,564.50 -23.78% $770,939.16 -13.01%
Tatum $225,403.00 $159,150.14 -29.39% $255,449.22 13.33%
Texico $146,265.00 $189,548.22 29.59% $131,605.49 -10.02%
Tucumcari $455,828.00 $435,687.36 -4.42% $537,956.05 18.02%
Tuiarosa $356,885.00 $356,742.32 -0.04% $418,810.17 17.35%
Vaughn $64,686.00 $33,965.61 -47.49% $218,652.06 238.02%
Wagon Mound $129,248.00 $105,783.19 -18.15% $220,109.62 70.30%
Zuni $253,410.00 $159,013.50 -37.25% $284,035.31 12.09%
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Appendix D
Comparison of Daily One-Way Transportation Allocation per Pupil to Predicted 
Allocation
D is tric t D a ily  One-Way 
Transportation 
A llocation per 
p u p il
Predicted 
Allocation -  
Alternative 
Formula 
(Regression)
Difference Regression % 
Change
Alamogordo $1.20 $1.44 -$0.24 19.65%
Albuquerque $1.03 $0.83 $0.20 -19.13%
Animas $2.07 $2-57 -$0.51 24.51%
Artesia $1.19 $1-34 -$0.16 13.10%
Aztec $1-02 $0-89 $0-13 -12-76%
Belen $1-06 $0-99 $0.07 -6.46%
Bernalillo $1.01 $0-88 $0.13 -12.44%
Bloomfield $1.04 $1.01 $0.03 -2.97%
Capitan $2.01 $2-24 -$0.23 11.66%
Carlsbad $1.07 $1-23 -$0.16 14.72%
Carrizozo $3-40 $7.45 -$4.05 119.15%
Central Cons. $1.07 $1-03 $0.04 -3.62%
Chama $1.37 $1.62 -$0.25 17.98%
Cimmarron $1.85 $2.17 -$0.32 17.38%
Clayton $3.96 $4.40 -$0.44 10.99%
Cloudcroft $2.07 $2.68 -$0.61 29.48%
Clovis $1.04 $0.91 $0.13 -12.34%
Cobre Cons. $1.07 $1.15 -$0.08 7.41%
Corona $12.53 $20.10 -$7.56 60.36%
Cuba $2.25 $2.42 -$0.17 7.73%
Deming $1.21 $1.39 -$0.18 14.63%
Des Moines $4.56 $5.87 .$1.31 28.69%
Dexter $1.16 $1.37 -$0 21 18.18%
Dora $3.07 $3.57 -$0.50 16.11%
Dulce $0.37 $1.88 -$1.52 415.06%
Elida $8.32 $9.29 -$0.96 11.55%
Espanola $1.03 $0.87 $0.16 -15.69%
Estancia $1.61 $1.70 -$0.10 6.05%
Eunice $2.74 $1.74 $1-00 27.06%
Farmington $1.01 $0.87 $0.14 -13.96%
Floyd $2.84 $3.18 -$0.34 11.82%
Fort Sumner $4.69 $6.06 -$1.37 29.25%
Gadsden $1.02 $0.89 $0.13 -12.74%
Gallup $1.06 $1.16 -$0.10 9.46%
Grady $4.41 $4.49 -$0.09 1.95%
Grants $1.43 $1.77 -$0.33 23.23%
Hagerman $1.02 $1.23 -$0.21 20.26%
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D is iric i D a ily One-Way 
Transportation 
Allocation per 
pup il
Predicted 
Allocation  -  
Alternative 
Formula 
(Regression)
Difference Regression % 
Change
Hatch $0.95 $1.17 -$0.23 24.22%
Hobbs $1.04 $0.92 $0.12 -11.15%
Hondo $2.74 $3.08 -$0.35 12.73%
House $6.21 $6.34 -$0.12 1.97%
Jal $3.21 $6.41 -$3.20 99.50%
Jemez Mountain $2.44 $2.73 -$0.29 11.80%
Jemez Valley $1.85 $1.75 $0.11 -5.76%
Lake Arthur $2.40 $3.00 -$0.60 24.95%
Las Cruces $1.02 $0.85 $0.17 -16.95%
Las Vegas East $1.28 $1.37 -$0.08 6.54%
Las Vegas West $1.53 $1.67 -$0.15 9.54%
Logan $2.90 $3.11 -$0.21 7.21%
Lordsburg $1.47 $1.83 -$0.36 24.12%
Los Alamos $1.01 $0.79 $0.22 -21.72%
Los Lunas $1.03 $0.90 $0.13 -12.31%
Loving $1.39 $1.55 -$0.16 11.68%
Lovington $1.07 $1.14 -$0.07 6.48%
Magdalena $3.43 $5.21 -$1.77 51.63%
Maxwell $3.90 $4.83 -$0.93 23.97%
Melrose $4.39 $3.82 $0.57 -13.00%
Mesa Vista $1.95 $2.63 -$0.69 35.38%
Mora $1.36 $1.35 $0.01 -0.56%
Moriarty $1.09 $1.05 $0.04 -3.92%
Mosquero $11.34 $25.80 -$14.46 127.46%
Mountainair $3.49 $3.94 -$0.45 12.84%
Pecos $1.05 $0.98 $0.07 -6.50%
Penasco $1.06 $0.98 $0.08 -7.96%
Pojoaque $1.05 $0.94 $0.11 -10.54%
Portales $1.07 $0.90 $0.17 -16.03%
Quemado $3.70 $11.19 -$7.49 202.30%
Questa $1.19 $1.34 -$0.15 12.29%
Raton $1.23 $1.51 -$0.28 22.74%
Reserve $3.20 $7.64 -$4.44 138.89%
Rio Rancho $0.80 $0.76 $0.04 -4.94%
Roswell $1.03 $1.12 -$0.09 8.98%
Roy $8.66 $10.69 -$2.03 23.43%
Ruidoso $1.08 $0.90 $0.18 -16.87%
Sanjon $5.27 $5.49 -$0.22 4.18%
Santa Fe $1.03 $0.95 $0.08 -7.99%
Santa Rosa $3.08 $3.07 $0.01 -0.26%
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D is iric i D a ily  One-Way 
Transportation 
Allocation per 
pup il
Predicted  
Allocation  — 
A lternative  
Form ula 
(Regression)
Difference Regression % 
Change
Silver City SI 21 $1.36 -$0.15 12.45%
Socorro SLIO $1.47 -$0.37 33.74%
Springer $3.70 $4.98 -$1.29 34.79%
T. or C. $1.46 $2.16 -$0.70 47.96%
Taos $1.07 $0.93 $0.14 -13.01%
Tatum $4.60 $5.22 $0.61 13.33%
Texico $2.06 $1.86 $0.21 -10.02%
Tucumcari $1.46 $1.72 -$0.26 18.02%
Tuiarosa $1.44 $1.69 -$0.25 17.35%
Vaughn $9.46 $31.97 -$22.51 238.02%
Wagon Mound $4.33 $7.37 -$3.04 70.30%
Zuni $1.03 $1.16 -$0.12 12.09%
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Appendix E
Comparison of Daily One-Way Transportation Allocation per Pupil to Predicted 
Allocation
D istric t D a ily One-Way Predicted A llocation Difference Neural Net % 
Transportation -  A lternative Change 
Allocation per Form ula (Neural 
pup il Network)
Alamogordo $1.20 1.19 $0.01 -0.62%
Albuquerque $1.03 1.05 -$0.02 1.55%
Animas $2.07 1.23 $0.84 -40.46%
Artesia $1.19 1.09 $0.09 -7.64%
Aztec $1.02 0.92 $0.10 -9.80%
Belen $1.06 1.15 -$0.09 8-87%
Bernalillo $1.01 0.74 $0.27 -26.86%
Bloomfield $1.04 0.79 $0.25 -23.84%
Capitan $2.01 2.07 -$0.06 2.92%
Carlsbad $1.07 1.47 -$0.40 37.02%
Carrizozo $3.40 3.34 $0.06 -1.89%
Central Cons. $1.07 0.91 $0.16 -14.56%
Chama $1.37 1.46 -$0.08 6.17%
Cimmarron $1.85 2.18 -$0.33 18.12%
Clayton $3.96 3.51 $0.45 -11.42%
Cloudcroft $2.07 2.22 -$0.15 7.21%
Clovis $1.04 1.13 -$0.09 9.14%
Cobre Cons. $1.07 1.06 $0.01 -0.48%
Corona $12.53 5.08 $7.45 -59.46%
Cuba $2.25 2.62 -$0.37 16.54%
Deming $1.21 1.29 -$0.08 6.53%
Des Moines $4.56 3.89 $0.67 -14.65%
Dexter $1.16 1.79 -$0.63 54.07%
Dora $3.07 3.12 -$0.05 1.66%
Dulce $0.37 0.51 -$0.14 38.88%
Elida $8.32 4.95 $3.37 -40.52%
Espanola $1.03 0.88 $0.15 -14.85%
Estancia $1.61 1.55 $0.05 -3.29%
Eunice $2.74 1.33 $1.41 -2.80%
Farmington $1.01 0.87 $0.14 -13.70%
Floyd $2.84 2.96 -$0.12 4.05%
Fort Sumner $4.69 3.81 $0.88 -18.80%
Gadsden $1.02 1.13 -$0.11 10.99%
Gallup $1.06 1.77 -$0.71 66.78%
Grady $4.41 4.13 $0.28 -6.32%
Grants $1.43 1.70 -$0.27 18.69%
Hagerman $1.02 0.80 $0.22 -21.62%
Hatch $0.95 0.61 $0.33 -35.21%
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D istric t D a ily  One-Way Predicted Allocation 
Transportation -  Alternative 
Allocation pe r Form ula (Neural 
pup il Network)
Difference Neural Net % 
Change
Hobbs S1.04 1.13 -$0.09 8.67%
Hondo $2.74 1.09 $1.64 -60.02%
House $6.21 4.17 $2.04 -32.91%
Jal $3.21 3.82 -$0.61 18.88%
Jemez Mountain $2.44 2.52 -$0.08 3.41%
Jemez Valley $1.85 1.50 $0.35 -19.09%
Lake Arthur $2.40 2.53 -$0.13 5.34%
Las Cruces $1.02 0.81 $0.21 -20.51%
Las Vegas East $L28 1.43 -$0.15 11.52%
Las Vegas West $1.53 1.52 $0.01 -0.13%
Logan $2.90 2.69 $0.21 -7.29%
Lordsburg $1.47 1.20 $0.27 -18.67%
Los Alamos $1.01 0.60 $0.40 -40.08%
Los Lunas $1.03 1.23 -$0.20 19.14%
Loving $1.39 2.20 -$0.81 58.37%
Lovington $1.07 1.15 -$0.07 6.74%
Magdalena $3.43 2.71 $0.73 -21.22%
Maxwell $3.90 2.99 $0.91 -23.37%
Melrose $4.39 3.38 $1.01 -23.02%
Mesa Vista $1.95 2.58 -$0.63 32.45%
Mora $1.36 1.10 $0.27 -19.52%
Moriarty $1.09 1.44 -$0.34 31.31%
Mosquero $11.34 5.09 $6.25 -55.13%
Mountainair $3.49 2.90 $0.59 -16.81%
Pecos $1.05 0.61 $0.44 -41.64%
Penasco $1.06 0.67 $0.40 -37.40%
Pojoaque $1.05 1.11 -$0.07 6.28%
Portales $1.07 0.76 $0.32 -29.36%
Quemado $3.70 3.40 $0.30 -8.15%
Questa $1.19 1.32 -$0.13 10.90%
Raton $1.23 1.67 -$0.45 36.26%
Reserve $3.20 2.23 $0.97 -30.42%
Rio Rancho $0.80 0.51 $0.29 -36.33%
Roswell $1.03 0.84 $0.20 -18.97%
Roy $8.66 4.74 $3.92 -45.30%
Ruidoso $1.08 1.47 -$0.39 35.97%
Sanjon $5.27 3.71 $1.56 -29.57%
Santa Fe $1.03 1.41 $0.39 37.46%
Santa Rosa $3.08 2.26 $0.82 -26.64%
Silver City $1.21 0.93 $0.28 -22.98%
Socorro $1.10 0.65 $0.45 -40.87%
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D is tric t D a ily  One-Way Predicted A llocation  
Transportation -  Alternative 
Allocation p e r Form ula (Neural 
p u p il Network)
Difference N eural Net % 
Change
Springer $3.70 3.29 $0.41 -10.97%
T. or C. $1.46 1.32 $0.14 -9.55%
Taos $1.07 0.81 $0.25 -23.78%
Tatum $4.60 3.25 $1.35 -29.39%
Texico $2.06 2.67 -$0.61 29.59%
Tucumcari $1.46 1.39 $0.06 -4.42%
Tuiarosa $1.44 1.44 $0.00 -0.04%
Vaughn $9.46 4.97 $4.49 -47.49%
Wagon Mound $4.33 3.54 $0.79 -18.15%
Zuni $1.03 0.65 $0.38 -37.25%
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